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ABSTRACT
Article history Iron deficiency anemia (IDA) is a prevalent issue among adolescent
Received; schoolgirls, significantly affecting their cognitive development and
ff 4ug;lst 2024 school performance. Beetroot, known for its high iron content, presents a
evised,
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potential solution for mitigating IDA. This study investigated the
bioavailability, acceptability, and contribution of beetroot powder,

Accepted; . .. . .
22 September 2024 processed under different conditions, to the iron intake of adolescent
schoolgirls aged 10-19 years. Two beetroot varieties, Detroit Dark Red
Keywords and Crimson Globe, were subjected to different processing methods,
Beetroot powder including boiling, sun drying, oven drying, and freeze drying. The
Bioeer il bioavailability of iron was assessed through oxalate-to-iron molar ratios,
Iron deficiency hil tabilit luated usi 9-point hedoni 1
Seiy e ARy while sensory acceptability was evaluated using a 9-point hedonic scale.
L T gy The results revealed that the oxalate-to-iron molar ratios were below 1.0,

indicating favorable iron bioavailability. Additionally, beetroot powder
contributed between 9.24 mg and 9.5 mg of iron per 100g, equating to
more than 50% of the recommended daily allowance (RDA) for
adolescent schoolgirls. Sensory evaluation indicated moderate
acceptability, with scores ranging from "like slightly" to "like
moderately." These findings suggest that beetroot powder, particularly
when processed by boiling and sun drying, can serve as a valuable dietary
supplement to address IDA in adolescent girls.
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1. Introduction

Micronutrient nutrition has gained global recognition due to the
widespread prevalence of micronutrient deficiencies, especially
in developing countries. Approximately two billion people,
about one-third of the world's population, are deficient in one or
more essential micronutrients (Philomena Onwuamaeze,
Hedwig, & Dorothy, 2017). Iron deficiency anemia (IDA), in
particular, has significant adverse health effects, contributing to
growth impairments, weakened immune systems, delayed mental
and physical development, and poor reproductive outcomes
(Ramakrishnan, 2002). These outcomes often cannot be entirely
reversed by nutritional interventions alone. IDA is especially
problematic among adolescent schoolchildren (Philomena
Onwuamaeze et al., 2017). Vegetables are essential in combating
IDA, particularly in developing countries, as they are rich in vital
micronutrients such as vitamins, minerals, and dietary fiber
(Alfthan et al., 2010). Beetroot, known for its potent anti-anemic
properties, has shown efficacy in treating anemia (Beshel,
Beshel, & Ante, 2018). Additionally, beetroot contains
antioxidants and exhibits anti-inflammatory, anti-carcinogenic,
and hepatoprotective activities (Slavov et al., 2013). It also
provides health benefits for diabetes, cardiovascular disease,
hypertension, and wound healing (Chikara et al., 2019).
Consuming beetroot juice or incorporating beetroot as a cooked
vegetable in salads has been reported to significantly improve
hemoglobin levels, aiding in the treatment of anemia (Priya,
2013; Walker, 2010). In Uganda, beetroot is a significant source
of micronutrients, such as zinc, iron, calcium, and vitamins,
particularly for those living in urban areas. Plants such as
amaranth, rhubarb, spinach, and beet are known to contain these
micronutrients (Savage, Vanhanen, Mason, & Ross, 2000).
However, despite its nutritional benefits, the absorption of
minerals from food is often hindered by the presence of
antinutritional factors, such as oxalates. High oxalate content in
foods can reduce iron absorption, particularly when the oxalate-
to-calcium ratio exceeds a critical threshold (Viteri & Gonzalez,
2002). This inhibitory effect on iron absorption is especially
evident in foods with an oxalate-to-iron ratio greater than one,
including beet leaves and roots (Sotelo et al., 2010).

IDA remains a critical health issue, but its prevention lies
predominantly in food-based solutions rather than in other
treatment or preventive measures. Although food-based
interventions may not be suitable for immediate treatment, they
provide the most desirable and sustainable means of preventing
IDA. To implement such interventions, it is essential to
understand the nutrient composition and bioavailability of
minerals in commonly consumed foods. In Uganda, two varieties
of beetroot are widely cultivated, but their nutrient profiles,
particularly regarding iron bioavailability, have yet to be fully
explored. The bioavailability of dietary minerals, especially in
developing countries, is often low due to the presence of
absorption inhibitors like oxalates and a limited intake of
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absorption promoters. Thus, this study aims to develop iron-rich
beetroot products and investigate their nutritional value, with a
particular focus on iron and oxalate contents. Furthermore, the
study seeks to explore the relationship between the oxalate
content of Ugandan beetroot varieties and iron absorption, assess
the inhibitory effect of oxalates on iron bioavailability, and
estimate the contribution of these iron-rich beetroot products to
the recommended dietary allowance (RDA) of adolescent
schoolgirls aged 10 to 19 years.

2. Materials and methods

2.1 Materials Preparation

Fresh beetroot samples were procured from Kabale at the
Habuyonza Trading Centre, directly from local farmers. Mature
beetroots were harvested on the same day and transported
overnight in aerated wooden baskets to the Department of Food
and Biosciences at the National Agricultural Research
Laboratories (NARL) in Kawanda. The beetroots were carefully
washed with clean potable water and stored in a refrigerator at
8°C prior to further processing. Defective samples were removed
during sorting, and the selected beetroots were then washed again
under clean running water to eliminate any dirt or foreign
materials. After washing, the beetroots were peeled using a
ceramic knife and immediately placed in clean water to prevent
discoloration.

2.2 Processing of beetroot

The fresh beetroot samples were sliced into 1-2 mm thick pieces
and divided into four portions. One portion was reserved as a
fresh control sample, while the other three portions were
subjected to different drying methods: oven drying (65°C for 48
hours), sun drying on raised plastic mesh, and freeze drying (-
80°C for 48 hours). These methods were applied to preserve the
beetroot's nutrient content and improve iron bioavailability. A
second set of beetroot samples was boiled in distilled water at
90°C for 30 minutes in stainless steel saucepans. The boiled
samples were then divided into four portions. One portion was
reserved as a boiled control sample, while the remaining three
portions were dried using the same methods applied to the fresh
samples (oven drying, sun drying, and freeze drying). The fresh
beetroot samples were grated into a mash, while the dried
samples (sun-dried, freeze-dried, and oven-dried) were ground
into powder using a mortar and pestle. The ground powder was
passed through a 60 mm plastic mesh sieve and packed into dark,
airtight containers for storage prior to further analysis. This
procedure was conducted for both the Crimson Globe and Detroit
Dark Red beetroot varieties. To extract beetroot juice, the
powdered samples were reconstituted by mixing with water at a
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powder-to-water ratio of 1:7 (38.63 g of powder to 270.41 ml of
water), while the fresh beetroot mash was mixed with water at a
ratio of 1:2 (200 g of mash to 400 ml of water). The higher ratio
used for dried samples facilitated their reconstitution into juice.
Sugar syrup was prepared by heating 300 g of granulated sugar
in 150 ml of water for 7 minutes to obtain a golden-brown gel,
which was added at a 10% concentration to the juice samples.
The juice samples were then pasteurized at 85°C for 10 minutes,
cooled at room temperature, and stored for sensory evaluation.
The same procedure was applied for boiled beetroot samples.

2.3 Oxalate content determination

Oxalate content of the samples was determined as described by
Mubajje et al., (2024)

2.4 Minerals Analysis

Mineral content analysis was performed as described by Mubajje
at al., (2024).

2.5 Iron (Fe) bioavailability Analysis

Iron bioavailability was determined by calculating the molar
ratio of antinutrients (oxalates) to minerals (iron) in the beetroot
samples, following the method described by Bagade (2022).
Oxalate and iron contents were converted to moles by dividing
their respective weights by their molecular weights (oxalate:
88.02 g/mol; Fe: 56 g/mol). The oxalate-to-iron molar ratio was
calculated by dividing the moles of oxalate by the moles of iron.
This molar ratio was used to predict the inhibitory effect of
oxalates on iron absorption.

2.6 Sensory evaluation

Sensory evaluation was conducted with 50 untrained panelists,
primarily students from the Department of Food Technology and
Nutrition at Makerere University. The panelists evaluated five
sensory attributes: taste, color, flavor, mouthfeel, and overall
acceptability, using a 9-point hedonic scale (9 = "like extremely,"
1 ="dislike extremely") (Meilgaard, Carr, & Civille, 1999). Each
panelist was presented with seven samples, labeled with
randomly assigned three-digit codes, and 50 ml of each juice
sample at room temperature under normal lighting conditions.
Water was provided to rinse the mouth between tastings.
Reconstituted beetroot juice and control samples were prepared
the day before and stored in a refrigerator until sensory
evaluation.

2.7 Determination of Contribution to RDA
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It was assumed that adolescent schoolgirls (10-19 years) could
consume up to 100g of reconstituted beetroot powder juice. Since
there were limited references on appropriate quantities of juice
for this age group, the contribution of beetroot products to the
iron intake of adolescent girls was estimated based on the
micronutrient content of the selected best products, serving sizes
for the age group, and the RDA of iron for girls aged 10-19 years.

2.7 Statistical data Analysis

One-way ANOVA was used to analyze the significant differences
in triplicate results using Statistical Package for Social Science
(SPSS) version 29.0. When P<0.05, the results were considered
statistically significant.

3. Results and Discussion

3.1 Bioavailability of iron in the beetroot products

The molar ratios of oxalate to iron (Fe) in the different beetroot
powder products are presented in Table 1. These ratios, which
ranged between 0.0002 and 0.0006, were all well below the
critical threshold (oxalate: Fe > 1), indicating good
bioavailability of iron across all the processed beetroot samples.
According to Nissar et al. (2017), an oxalate-to-iron ratio greater
than 1 predicts poor iron bioavailability, as oxalates are known
to inhibit iron absorption.

Table 1: The molar ratios of oxalate to Iron (Fe) for the
different powder products.

Samples Molar ratio (Oxalate: Iron)
SDRp 0.0002 + 0.00003*
SDBp: 0.0002 + 0.00004*
SDRy, 0.0002 + 0.00003*
SDBL: 0.0003 £ 0.00006*
FDRp; 0.0004 + 0.00003*
FDBp; 0.0006 + 0.00001°
FDRy: 0.0006 + 0.00001°
FDBL: 0.0001 + 0.00002*
ODRp; 0.0002 + 0.00006*
ODBpy 0.0002 + 0.00003*
ODRy, 0.0004 £ 0.00001°
ODBL, 0.0002 £ 0.00004*

Data are means + standard deviation from three independent
experiments. Mean values are significantly different (p < 0.05).
SDRDr : Sun dried raw(Detroit dark red), SDBDr : Sun dried
boiled (Detroit dark red), SDRLr : Sun dried raw (Crimson
Globe), SDBLr : Sun dried boiled (Crimson globe), FDRDr :
freeze dried raw(Detroit dark red), FDBDr : freeze dried
boiled(Detroit dark red), FDRLr : freeze dried raw (Crimson
Globe), FDBLr : Freeze dried boiled(Crimsone Globe), ODRDr
: Oven dried raw(Detroit dark red), ODBDr: Oven dried boiled
(Detroit dark red), ODRLr : Oven dried raw (Crimson Globe),
ODBLr: Oven dried boiled (Crimson Globe)
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Antinutritional factors, such as oxalates, can reduce the
absorption of essential minerals, including iron, by forming
insoluble complexes that hinder nutrient utilization (Gemede,
2014). High concentrations of oxalates, often found in plant-
based foods, interfere with the body's ability to absorb iron
efficiently, which may exacerbate micronutrient deficiencies
(Hurrell, 2004). The molar ratios in all the beetroot samples
analyzed in this study were significantly below 1, indicating that
despite the presence of oxalates, the beetroot products provided
favorable iron bioavailability (Table 1). The importance of food
as a source of bioavailable minerals like iron, zinc, and calcium
depends on both the total mineral content and the levels of
antinutritional factors present in the food (Adeyeye et al., 2000).
In this study, all the beetroot products demonstrated excellent
bioavailability of iron, as evidenced by the low oxalate-to-iron
molar ratios. This supports the potential use of beetroot powder
as a valuable iron source in addressing iron deficiency,
particularly in adolescent girls.

3.2 Sensory acceptability of the iron-rich beetroot products

The sensory evaluation of the beetroot juice powders is
summarized in Table 2. Overall acceptability scores ranged from
5.00 to 6.00, indicating moderate consumer acceptability for both
Detroit Dark Red and Crimson Globe beetroot varieties.
Specifically, fresh juice from both varieties received the highest
scores for flavor, taste, and overall acceptability, with ratings
between 6.00 and 7.00, reflecting the panelists' preference for
fresh juices over dried powder products. Although the processing
method influenced sensory attributes, the boiled, sun-dried, and
freeze-dried products of the Crimson Globe variety performed
favorably in terms of flavor and mouthfeel. These results are
consistent with findings by Grubben (2004), who reported that
beetroot can enhance the flavor of beverages and food products.
The fresh juices from both beetroot varieties were noted for their
leafy vegetable-like flavor, which contributed to their overall
high acceptability. In terms of color, there were significant
differences (p < 0.05) among the various beetroot products.
However, for other sensory attributes such as flavor, taste, and
mouthfeel, the differences were not significant. The beetroot
juice samples generally scored well for flavor, with ratings above
4.00, reinforcing beetroot's potential as a flavoring agent (Banigo
et al.,, 2015). The findings indicate that beetroot products
processed through sun or oven drying could be viable for
producing refreshing, nutrient-rich drinks with acceptable
sensory properties.

3.3 Contribution of the iron-rich beetroot products to the
RDA (Iron) of adolescent school girls aged 10-19 years

Table 3 shows the percentage contribution of the beetroot
products to the RDA of iron, calcium, magnesium, zinc, and
phosphorus for adolescent schoolgirls aged 10 to 19 years. A
serving of 50g of the boiled, sun-dried beetroot product was
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found to contribute 31.70% of the iron RDA, 6.35% of the
calcium RDA, 21.27% of the magnesium RDA, and 33.07% of
the zinc RDA. These results suggest that beetroot products,
particularly from the Crimson Globe variety, provide substantial

nutritional benefits.

The results indicate that consuming 50g of the boiled, sun-dried
beetroot product would significantly contribute to the iron
requirements of adolescent schoolgirls. This is particularly
important in addressing iron deficiency anemia, which is
common in this age group. Additionally, beetroot products were
found to contribute to other essential nutrients, including
making them a valuable dietary
supplement. Although the contribution of the Crimson Globe
variety was slightly higher than that of Detroit Dark Red, both
varieties were effective in meeting a significant portion of the
RDA for iron and other micronutrients. Thus, incorporating these
beetroot products into the diets of adolescent girls could play a
role in reducing iron deficiency anemia and improving overall

magnesium and zinc,

nutritional status.

Conclusion

This study demonstrated the potential of beetroot powder,
processed under various conditions, to serve as a viable dietary
supplement for improving iron intake and addressing iron
deficiency anemia (IDA) in adolescent schoolgirls aged 10-19
years. The bioavailability of iron in the beetroot products was
favorable, with all samples exhibiting low oxalate-to-iron molar
ratios, indicating minimal inhibition of iron absorption. This
suggests that beetroot powder can provide a significant source of
bioavailable iron. In addition to iron, the beetroot products
contributed to the intake of other essential minerals such as
enhancing their
nutritional value. Sensory evaluation revealed that the beetroot
juices were generally well accepted by the panelists, particularly
the fresh and boiled, sun-dried products from the Crimson Globe
variety, which received high ratings for flavor, taste, and overall
acceptability. Overall, the findings support the use of beetroot
powder as a nutrient-dense, sensory-acceptable, and cost-
effective solution for reducing iron deficiency among adolescent
girls. The inclusion of beetroot powder in school feeding
programs or as part of regular dietary intake could substantially
contribute to meeting the recommended daily allowance of iron
and other essential nutrients. Additionally, the ease of processing
and storage of beetroot powder makes it a convenient and long-
lasting alternative to fresh beetroot, especially in regions where

calcium, magnesium, and zinc, further

iron deficiency is prevalent.
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Tables 2: Sensory acceptability of the beetroot juice powder (n=50)

Sample Atiribute
Color Taste Flavor Mouth feel Overall Acceptability

FDR 5002240 4002230 500=17 S00=22" 300=18  S00=21°  300=21" 5002220 S.00=19"  500=21°
FDB 5002240 50023 500=210 S00=20" 3002220 S00=210  300=21v 5002220 5.00=220  5.00=20°
FJ 10019 T00=18 6002210 S00=21" 3002220 S00=21° 6002210 500224 60020 60022
ODR G00=2.1¢ 50022 300=170 5002200 300=19¢ 500221 300=210 500220 S.00=1.8"  5.00=19°
ODE G00=1.8¢  500=21°  3.00=20  400=18  300=20¢ 400223 500=200 50019 S.00x1.8" 500200
SDE 60018 6.00x21" 3500221 500x21" 3002210 500221 5.00=19% 500219 50020 500220
SDE 600219  6.00x19"  300=19"  600=19  300=21¢ S500=18 300=21" 6.00=19° 5.00x19" 6.00=18

Values are means + standard deviation (n = 64). Mean values in the same row with different superscripts (a — d) are significantly
different (p < 0.05). DetR: Detroit dark red, CrimG: Crimson globe variety. Freeze dried raw: FDR, freeze dried boiled: FDB, Oven

dried raw: ODR, Oven dried boiled: ODB, Sun dried Boiled: SDB, Sun dried raw: SDR, Fresh juice: FJ.

Table 3: Percentage Contribution of the Products to the RDA of adolescent School girls aged 10 to 19 Years

Minerals RDA mg/Day  Content (mg'kg) Content in 50g % Contribution to RDA
(mg) DetR CrimG, DetR. CrimG. DetR CrimG

Fe 15 9248 95.09 4.62 475 30.83 31.70

Ca 1300 1651.86  12B0.32 2258 64.03 6.35 403

Mg 380 1531.71 296.36 T8.58 64 82 2127 18.01

Zn 9 3052 45.06 208 2.30 33.07 2559

P 250 1668.03 13388 2340 7794 6.67 6.24

Values are means of triplicate measurements. DetR: Detroit dark red, CrimG: Crimson globe variety
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