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Beetroot contains phytochemicals that have anti-inflammatory and antioxidant properties. The
nutritional quality of consumed beetroot is, however, affected by post-harvest processing. To
determine the effect of different short-term storage modalities on beetroot antioxidant activity.
Beetroot samples were freshly sourced and randomly divided into 3 groups: Group A was used
to prepare fresh beetroot juice on the day of analysis; Group B was used to prepare beetroot juice
that was then refrigerated for one week before analysis while Group C was kept whole at room
temperature for one week and then used to prepare the beetroot juice. Beetroot juice was
prepared by mixing one-part of beetroot with one-part of clean water and blending the mixture.
It was then freeze-dried, and the resultant powder used to measure the residual antioxidant
activity and for phytochemical analysis to determine the presence of flavonoids. At analysis, all
the three samples contained the same biochemical compounds and had no notable gross
differences in smell, viscosity, and consistency. The juice prepared from beets stored whole for
a week was of a more intense colour compared to that of the refrigerated beetroot juice. At lower
concentrations of the extracts, refrigerated juice had lower antioxidant activity while that stored
as a whole had the highest. Refrigerated juice had the highest antioxidant activity (IC50 of
10,457.11 mg/ml) while beetroot stored had the lowest activity (IC50 of 210,069.4 g/ml). Short

term refrigeration of beetroot juice better preserves its antioxidant capacity.

Faculty of Natural Sciences and Life, University of EI Oued. 2023

1. Introduction

Red beetroot (Beta vulgaris rubra) is a root vegetable that
was originally grown in the temperate climates of Asia,
North Africa and Europe. Its cultivation is now however
more widely spread to include other parts of tropical Africa,
including Kenya, and the Americas (1,2). Beetroot is a
highly nutritious vegetable that contains considerable
amounts of both macro- and micro nutrients including
starch, proteins and essential vitamins. Furthermore,
beetroot is rich in nitrate which is reduced in the body to
nitrites and nitric oxide (NO) which play an important role
in the regulation body immunity, vascular homeostasis and
metabolism (3). Other metabolically important flavonoids in
beetroot include saponins, phenolics, carotenoids and
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betalains (4,5). These are phytochemicals with vital anti-
inflammatory, antioxidant and chemo-preventive activities
(6,7). Moreover, because of its rich colour mainly attributed
to the betalain pigment, beetroot is increasingly being used
as an organic source of food colouring. The nutritional
quality of consumed beetroot is however affected by many
factors including growing conditions, harvesting time and
post-harvest processing (2,4).

Various methods have been used to preserve beetroot with
variable effects on the intensity of the colour of the stored
product and its antioxidant capacity. Fresh beetroot, for
instance, is of a more intense colour than processed juices
and is thought to be of superior quality following customer-
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satisfaction surveys. The colour intensity however declines
with time when the juice is stored at room temperature and
is accompanied by a concurrent decline in the inherent
antioxidant activity (4). The effect of refrigeration on the
colour intensity and the antioxidant capacity of beetroot
juice is however hardly investigated. Other processes that
have been associated with a reduction of the colour intensity
of beetroot include short-term refrigeration (8),
pasteurization and fermentation (4,9). Similarly, the
antioxidant capacity of beetroot has been reported to be
negatively affected by among others post harvesting
processing and storage procedures like blending with other
juices, boiling and fermentation (10,11). Other process like
high-pressure treatment and vacuum and microwave drying
techniques have, conversely, been shown to enhance the
antioxidant capacity of beetroot (4). They are, however,
expensive and not routinely available for everyday use in
many families.

Over the past decades, both commercial and subsistence
beetroot farming have gained momentum in Kenya. It is
widely sold in supermarkets and by roadside vendors as a
vegetable for use in making salads, soups and juices. There
are several ways of storing the beetroot either as a whole or
refrigerating the already prepared juice. The effect of these
storage modalities on the oxidant capacity and colour
intensity of beetroot juice has hardly been investigated. This
study therefore aimed at determining the effect of different
storage modalities of differently stored beetroot juices.

2. Materials and Methods

2.1. Sample collection and preparation

Beetroot samples for this experiment were sourced fresh
from the same farm in Kericho County, Kenya. The
collected samples were then randomly divided in to 3
groups: Group A was used to prepare a fresh beetroot juice;
Group B was used to prepare beetroot juice that was then
stored in the fridge for one week before analysis while
Group C was kept whole in room temperature and under dry
conditions for one week and then used to prepare the
beetroot juice on the day of analysis.

2.2. Extraction of Beetroot Juice

The beetroot juice was prepared by mixing one part of the
whole beetroot with one part of clean water and blending the
mixture using a kitchen blender. Each extract thus prepared
was then freeze-dried for three days and the powder thus
gotten used for measuring the residual antioxidant activity
and for phytochemical analysis to determine the presence of
saponins, tannins, alkaloids, flavonoids and steroids.

2.3. Phytochemical analysis

The qualitative phytochemical screening was performed as
previously described by (12) and Williams (2009). These
methods employ the principle of chemical reactions of
certain compounds with the target phytochemical in a given
plant extract with a positive reaction being either a particular
colour change or the formation of a known precipitate. The
extracts that were tested were observed based on their colour
change and precipitate formation as outlined below:

Saponins: The crude solvent extracts were mixed with 5ml
of water and vigorously shaken. The formation of stable
foam would indicate the presence of saponins.

Tannins (ferric chloride test): In this test, 0.5 ml of 5%
ferric chloride solution were added to 0.5 ml of the sample
solutions. Formation of a dark green colour would indicate
the presence of tannins.

Alkaloids (Mayer’s test): One ml of Mayer’s reagent
(potassium mercuric iodine) was added to 1ml of the test
solutions and observed for a white precipitate, which would
be the positive indicator for presence of alkaloids.

Flavonoids: Three drops of ammonia solution were added
to 1ml of the crude extract followed by 0.5ml of
concentrated hydrochloric acid. The formation of pale
brown coloration was an indicator of the presence of
flavonoids.

Steroids: One millilitre of chloroform was added to 1 ml of
the sample solution then concentrated sulphuric acid was
carefully added drop-wise by the side of the test tube to form
a lower layer. A red brown ring was formed at the interface
indicating the presence of steroids.

2.4. Measurement of Anti-oxidant Activity

The antioxidant activity of beetroot extracts and the control
was assessed using the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) scavenging assay. This procedure was done
according to Nithianantham et al., (2011) and Locatelli et
al., (2009) with few modifications as described below.
Twenty-five milligrams of each sample was diluted with
methanol in 50 ml volumetric flasks. Then, 0.1MM of DPPH
was prepared by adding 3.94 mg of DPPH in 100 ml
methanol and then stored in the dark to minimize
degradation. A 2.8 ml of DPPH solution was mixed with 200
pl of beetroot extract at various concentration ranging from
7.8 pg/ml to 500 pg/ml for both extracts and ascorbic acid
standard. The samples were kept in a dark room for about 30
minutes and optical density was measured at wavelengths of
517nm using Cecil-Elect Spectrophotometer. The optical
density was recorded and the percentage inhibition was
calculated using the formula given below:

Percentage Inhibition
((y)_Asorbance of DPPH—Absorbance of sample
0)=

Absorbance of DPPH

%100

2.5. Determination of inhibitory concentration (1C50)
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The concentration required to inhibit 50% of DPPH radical
(IC50) was determined using the regression line of probit
according to log10 of extract concentration (15).

2.6. Data Analysis and Management

The collected data were entered in to excel sheets and used
to generate tables and graphs for pictorial presentation

3. Results

3.1. Qualitative Phytochemical Analysis and Anti-Oxidant
Activity

The beetroot juice prepared from beets directly from the
farm and stored whole for a week was of a more intense
colour compared to that of the refrigerated beetroot juice.
There were no other notable gross differences in the
appearance of the various juices including smell, viscosity
and consistency.

Phytochemical screening of all the three samples analysed
(Direct from farm, refrigerated juice and stored as a whole)
tested positive for saponins, tannins, flavonoids, steroids and
terpenoids. Among these phytochemicals, flavonoids,
saponins and tannins are important secondary metabolites
and may be compounds responsible for medicinal value of
beetroot. The extracts had different radical scavenging
activity with the refrigerated juice showing the lowest
antioxidant activity at lower concentrations while the
beetroot stored as a whole had the highest antioxidant
activity (Table 1 and Graph 1). At higher extract
concentrations, however, the antioxidant activity was lowest
for the sample obtained from the beetroot stored as a whole.
All through, ascorbic acid as a control had the highest
antioxidant activity.

Table 1. Anti-oxidant activity of aqueous beetroot extracts stored
at different conditions

Antioxidant Activity of Beetroot Extracts
12

10

—

inhibition)
=

7.8 1525  31.25 62.5 125 250 500
Extract Concentration (mg/ ml)

Anti-oxidant Activity (% of

=@="Stored asa Whole ==@=Direct from Farm Refregerated Juice

Figure 1. Anti-oxidant activity of aqueous beetroot extracts stored
at different conditions

3.2. The IC50 Values of Beetroot Extracts Required to
Inhibit 50% of DPPH

In the present study, beetroot juice stored as a whole had the
lowest 1C50 value of (210,069.4 g/ml), followed by direct
from farm (157.9 g/ml) and refrigerated beetroot juice (10.5
g/ml). All beetroot juice extracts showed a significant DPPH
scavenging activity when compared with positive control
(ascorbic acid) which had an 1C50 value of 0.0000295 g/ml.

Table 2. 1Cso values of the of aqueous beetroot extracts in g/ml)

Test sample 1Cs0 (g/ml)
Ascorbic acid 0.0000295
Direct from farm 157.9
Refrigerated 10.5
Stored as a whole 210,069.4

Extract Ascorbi | Stored Direct Refrigerat

Concentrati | c acid as a | from ed juice

on (%  of | whole farm (% of

(mg/ml) inhibitio | (% of | (% of | inhibition
n) inhibitio | inhibitio | )

n) n)

7.8 1529 + | 512 + | 416 +| 336 =
0.68 0.89 0.50 0.75

15.25 2868 + | 536 +|511 +|413
0.67 0.58 0.25 0.08

31.25 56.17 + | 547 £ | 529 | 4.35 +
0.82 0.70 0.28 0.23

62.5 59.27 £+ | 550 + | 543 +|592 =+
0.45 0.60 0.28 0.76

125 9655 + | 606 | 6.77 +|611
0.13 1.22 0.50 0.81

250 9718 £+ | 759 £+ | 778 +| 738
0.29 0.76 0.55 0.52

500 9739 £ | 909 | 1031 | 1055 =
0.05 1.63 1.38 1.58

Discussion

Red beetroot (Beta vulgaris rubra) is a root vegetable that is
rich in inorganic nitrate (1). When beetroot is consumed, the
nitrate is reduced in the body to nitrites and nitric oxide (NO)
which play an important role in the regulation body
immunity, vascular homeostasis and metabolism. Other
metabolically important components of beetroot include
vitamins, phenolics, carotenoids and betalains (5). These are
phytochemicals with vital anti-inflammatory, antioxidant
and antimicrobial activities (7). The quality of beetroot is,
nevertheless, affected by many factors including growing
conditions, harvesting time and post-harvest processing.

Fresh beetroot is of a more intense colour than processed
juices. Similar to our findings, previous research has
documented that refrigeration for shorter periods has been
associated with less marked influence on the intensity of the
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colour of beetroot juice (8,16). This has been attributed to
the ability of betalains, responsible for the red colour of
beetroot, to remain stable in as low temperatures as -300C
(17). Furthermore, freeze-drying of beetroot during juice
extraction process has been shown to release a greater
amount of the antioxidants (including betalains) by causing
tissue damage that releases these compounds from the
cellular vacuoles they are contained in (10). Other
processing methods including pasteurization and
fermentation have been shown to significantly reduce the
intensity of the red colour of beetroot (4,9). This occurrence
has been attributed to the heat-related disintegration of
betalains resulting in lower amounts of betaxanthins and
betacyanins in beetroot juice since these heat sensitive
compounds start disintegrating at temperatures above 500C
(8,18). The decline in colour intensity increases with a
longer duration of storage and is accompanied by a
concurrent decline in the antioxidant activity of beetroot
(4,8). Prolonged fermentation on the other hand has been
shown to reduce the overall content of the flavonoids
contained in beetroot (19).

The bioactive flavonoids investigated in our study were
present in all the samples analysed. These compounds
included flavonoids that provide vital antioxidant, anti-
inflammatory and anti-cancer properties (5,20,21).
Similarly, terpenoids are essential plant oils that serve as
precursors for steroidogenesis besides having anti-
pathogenic properties (22,23). Other bioactive compounds
found during our analysis included saponins and tannins,
which have been found to have the ability to lower
cholesterol, act as antimicrobials and as anti-inflammatory
agents and modulate the functioning of intracellular
enzymes (1,24). Various studies have documented the
respective quantities of the various flavonoids contained in
beetroot (19,25). The actual quantity is, however, known to
vary depending on the specific cultivar grown, the region of
cultivation and the harvesting period (26-28). It was,
nevertheless, beyond the scope of the current study to
specify and quantify the flavonoids contained in the
analysed specimens and the effect of the various storage
modalities on the same.

The different storage conditions of the respective beetroot
juices had a noticeable influence on the antioxidant capacity
of the juices with the juice made from beetroot stored as a
whole having the lowest antioxidant potential while the
refrigerated juice had the highest. This was reflected by the
refrigerated beetroot juice having the lowest 1C50 values
required to inhibit 50% of DPPH. Previous researchers have
documented that a higher dry matter content found in freshly
prepared beetroot juice has been attributed to the lower
antioxidant activity compared to processed juices (4). This

might explain the lower antioxidant potency of the freshly
prepared juice. Similarly, relative increase in water content
in refrigerated watermelon juice has been credited with a
reduction in the concentration of bioactive compounds
which might explain the lower antioxidant activity of
refrigerated juice at lower concentrations (29). For all the
three samples, however, the antioxidant potential was
further amplified by increasing the extract concentration.
This is similar to past findings that have shown that
increasing the concentration of plant extracts enhances the
proportion of the active ingredient with pharmaceutical
value in the plant extract under investigation (30).

The variances in the antioxidant capacity of the differently
stored beetroot might be explained by the influence of the
different storage modalities on the quantities of the various
bioactive flavonoids found in beetroot. This is due to the fact
that the quantity of antioxidants in a given beetroot sample
is determined by various factors including the storage
condition and the processing methods employed to preserve
the beetroot (Bianchi et al., 2021; Koss-Mikotajczyk et al.,
2019). Such an eventuality results from the transformation
of these flavonoids from one form to another during
processing and their variable release under different storage
conditions, which has been attributed to the various changes
in the content of the bioactive compounds found in beetroot
(17). In this regard, variable temperature storage conditions
result in marked differences in the oxidative potential of
differently processed beetroot. For instance, cold storage of
beetroot products (up to -800C) has been shown to maintain
the stability of the constituent flavonoids and might explain
the enhanced antioxidant activity of the refrigerated juice.
Storage of beetroot juice at room temperature has on the
other hand, been shown to result in a significant decline in
antioxidant activity occasioned by disintegration of the
nitrates found in beetroot juice that occurs within 24 hours
of storage (31). In contrast, polymerization of bioactive
beetroot monomers during heat processing, for instance, and
as occurs during high-pressure treatment and vacuum and
microwave drying techniques, has been attributed to a
higher antioxidant capacity of beetroot (4). Such techniques
have been thought to damage the tissues of the beetroot
resulting in a more efficacious extraction of antioxidants.
Furthermore, heat-processed beetroot retains a higher
antioxidant activity compared to freshly prepared beetroot
despite a considerable reduction in the content of total
betalain. The same process, nonetheless, results in the heat-
related release of other bioactive compounds including
vitamins and polyphenols that are thought to be variably
affected by these processing aspects and have a synergistic
antioxidant activity to the betalains (4,32).
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The effects of other processing and storage methods have
similarly been investigated and shown to have a different
effect on the antioxidant activity of beetroot. Blending of
beetroot juice with other juices for instance, and which is
associated in a significant lowering of the beetroot juice pH,
significantly reduces its antioxidant capacity (4). Short term
fermentation of beetroot, although known to cause the
release of more bioactive compounds, has been shown to
significantly reduce the antioxidant capacity of beetroot
(9,10,33). Transformation of these active compounds from,
one form to another during fermentation, has been attributed
to the various changes in the potency of the bioactive
compounds found in beetroot. Prolonging fermentation
beyond 14 days yields a further significant reduction in the
quantity of bioactive flavonoids and phenolic acid via
enhanced disintegration of the released compounds (11,19).

4, Conclusion

Short-term refrigeration of beetroot juice results is a better

Appendix

Availability of data and materials: This study was part of
an academic study and the entire thesis will be availed at
the University of Nairobi online repository once the
examination process is complete

Competing interests: No competing interests to declare
Funding: The study had no external funding.

Authors’ contribution: J.M., A.M, and M.O.
conceptualized the work, wrote the manuscripts and prove
read the work prior to submission. J.M., and V.K.
performed the experiment, collected and analyzed the data.

Acknowledgements

We acknowledge the invaluable technical input offered by
the staff at the Pharmacognosy Department of the Faculty of
Health Sciences of the University of Nairobi and the Jomo
Kenyatta University of Science and Technology.

preservation of its antioxidant activity.

References

1.

2.

10.

Chhikara N, Kushwaha K, Sharma P, Gat Y, Panghal A. Bioactive compounds of beetroot and utilization
in food processing industry: A critical review. Food Chem. 2019 Jan 30;272:192-200.

dos S. Baido D, da Silva DVT, Paschoalin VMF. Beetroot, A Remarkable Vegetable: Its Nitrate and
Phytochemical Contents Can be Adjusted in Novel Formulations to Benefit Health and Support
Cardiovascular Disease Therapies. Antioxidants. 2020 Oct 8;9(10):960.

Clifford T, Howatson G, West DJ, Stevenson EJ. Beetroot juice is more beneficial than sodium nitrate
for attenuating muscle pain after strenuous eccentric-bias exercise. Appl Physiol Nutr Metab Physiol Appl
Nutr Metab. 2017 Nov;42(11):1185-91.

Bianchi F, Pinsch M, Venir E. Effect of Processing and Storage on the Quality of Beetroot and Apple
Mixed Juice. Foods. 2021 May 11;10(5):1052.

Ninfali P, Antonini E, Frati A, Scarpa ES. C-Glycosyl Flavonoids from Beta vulgaris Cicla and Betalains
from Beta vulgaris rubra: Antioxidant, Anticancer and Antiinflammatory Activities-A Review. Phytother
Res PTR. 2017 Jun;31(6):871-84.

Carmo EL do, Teodoro RAR, Félix PHC, Fernandes RV de B, Oliveira ER de, Veiga TRLA, et al.
Stability of spray-dried beetroot extract using oligosaccharides and whey proteins. Food Chem. 2018 May
30;249:51-9.

Koss-Mikotajczyk I, Kusznierewicz B, Wiczkowski W, Sawicki T, Bartoszek A. The comparison of
betalain composition and chosen biological activities for differently pigmented prickly pear (Opuntia
ficus-indica) and beetroot (Beta vulgaris) varieties. Int J Food Sci Nutr. 2019 Jun;70(4):442-52.
Kathiravan T, Nadanasabapathi S, Kumar R. Pigments and antioxidant activity of optimized Ready-to-
Drink (RTD) Beetroot (Beta vulgaris L.) - passion fruit (Passiflora edulis var. flavicarpa) juice blend.
Croat J Food Sci Technol. 2015 Jul 24;7(1):9-21.

Otegbayo BO, Akwa IM, Tanimola AR. Physico-chemical properties of beetroot (Beta vulgaris 1.) wine
produced at varying fermentation days. Sci Afr. 2020 Jul 1;8:e00420.

Janiszewska-Turak E, Rybak K, Grzybowska E, Konopka E, Witrowa-Rajchert D. The Influence of
Different Pretreatment Methods on Color and Pigment Change in Beetroot Products. Molecules. 2021
Jun 16;26(12):3683.



Munguti et al. / Alger. j. biosciences 04(02) (2023) 116-122 121

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

217.

28.

29.

30.

Sawicki T, Wiczkowski W. The effects of boiling and fermentation on betalain profiles and antioxidant
capacities of red beetroot products. Food Chem. 2018 Sep 1;259:292-303.

Harborne JB. Methods of Plant Analysis. In: Harborne JB, editor. Phytochemical Methods: A Guide to
Modern Techniques of Plant Analysis [Internet]. Dordrecht: Springer Netherlands; 1984 [cited 2022 Aug
31]. p. 1-36. Available from: https://doi.org/10.1007/978-94-009-5570-7_1

Nithianantham K, Shyamala M, Chen Y, Latha LY, Jothy SL, Sasidharan S. Hepatoprotective potential
of Clitoria ternatea leaf extract against paracetamol induced damage in mice. Mol Basel Switz. 2011 Dec
6;16(12):10134-45.

Locatelli M, Gindro R, Travaglia F, Coisson JD, Rinaldi M, Arlorio M. Study of the DPPH-scavenging
activity: Development of a free software for the correct interpretation of data. Food Chem. 2009 Jun
1;114(3):889-97.

Marxen K, Vanselow KH, Lippemeier S, Hintze R, Ruser A, Hansen UP. Determination of DPPH Radical
Oxidation Caused by Methanolic Extracts of Some Microalgal Species by Linear Regression Analysis of
Spectrophotometric Measurements. Sensors. 2007 Oct 3;7(10):2080-95.

Ranawana V, Moynihan E, Campbell F, Duthie G, Raikos V. Beetroot improves oxidative stability and
functional properties of processed foods: singular and combined effects with chocolate. J Food Sci
Technol. 2018 Jul;55(7):2401-9.

Vieira Teixeira da Silva D, dos Santos Baido D, de Oliveira Silva F, Alves G, Perrone D, Mere Del Aguila
E, et al. Betanin, a Natural Food Additive: Stability, Bioavailability, Antioxidant and Preservative Ability
Assessments. Molecules [Internet]. 2019 Jan 28 [cited 2019 Aug 9];24(3). Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6384587/

Fu Y, Shi J, Xie SY, Zhang TY, Soladoye OP, Aluko RE. Red Beetroot Betalains: Perspectives on
Extraction, Processing, and Potential Health Benefits. J Agric Food Chem. 2020 Oct 21;68(42):11595—
611.

Platosz N, Sawicki T, Wiczkowski W. Profile of Phenolic Acids and Flavonoids of Red Beet and Its
Fermentation Products. Does Long-Term Consumption of Fermented Beetroot Juice Affect Phenolics
Profile in Human Blood Plasma and Urine? Pol J Food Nutr Sci. 2020 Feb 12;70(1):55-65.

Lechner JF, Stoner GD. Red Beetroot and Betalains as Cancer Chemopreventative Agents. Mol Basel
Switz. 2019 Apr 23;24(8).

Panche AN, Diwan AD, Chandra SR. Flavonoids: an overview. J Nutr Sci. 2016 Dec 29;5:e47.
Cox-Georgian D, Ramadoss N, Dona C, Basu C. Therapeutic and Medicinal Uses of Terpenes. In: Joshee
N, Dhekney SA, Parajuli P, editors. Medicinal Plants: From Farm to Pharmacy [Internet]. Cham: Springer
International ~ Publishing; 2019 [cited 2022 Aug 29]. p. 333-59. Awvailable from:
https://doi.org/10.1007/978-3-030-31269-5_15

Szaefer H, Krajka-Kuzniak V, Ignatowicz E, Adamska T, Baer-Dubowska W. Evaluation of the effect of
beetroot juice on DMBA-induced damage in liver and mammary gland of female Sprague-Dawley rats.
Phytother Res PTR. 2014 Jan;28(1):55-61.

Shi J, Arunasalam K, Yeung D, Kakuda Y, Mittal G, Jiang Y. Saponins from edible legumes: chemistry,
processing, and health benefits. J Med Food. 2004;7(1):67—78.

Clifford T, Constantinou CM, Keane KM, West DJ, Howatson G, Stevenson EJ. The plasma
bioavailability of nitrate and betanin from Beta vulgaris rubra in humans. Eur J Nutr. 2017;56(3):1245—
54.

Hajos MT, Rubdczki T. Effects of environmental factors on morphological and quality parameters of
table beet root. Int J Hortic Sci. 2012 Jul 26;18(2):139-146.

Sokolova DV. Dynamic changes in betanin content during the growing season of table beet: their interplay
with abiotic factors. Vavilov J Genet Breed. 2022 Feb;26(1):30-9.

Yasaminshirazi K, Hartung J, Groenen R, Heinze T, Fleck M, Zikeli S, et al. Agronomic Performance of
Different Open-Pollinated Beetroot Genotypes Grown Under Organic Farming Conditions. Agronomy.
2020 Jun;10(6):812.

Mohamad Salin NS, Md Saad WM, Abdul Razak HR, Salim F. Effect of Storage Temperatures on
Physico-Chemicals, Phytochemicals and Antioxidant Properties of Watermelon Juice (Citrullus lanatus).
Metabolites. 2022 Jan 13;12(1):75.

Palombo EA. Traditional Medicinal Plant Extracts and Natural Products with Activity against Oral
Bacteria: Potential Application in the Prevention and Treatment of Oral Diseases. Evid-Based
Complement Altern Med ECAM. 2011:680354.



Munguti et al. / Alger. j. biosciences 04(02) (2023) 116-122 122

31. Corleto K, Singh J, Jayaprakasha G, Patil B. Storage Stability of Dietary Nitrate and Phenolic Compounds
in Beetroot (Beta vulgaris) and Arugula (Eruca sativa) Juices: Nitrate and phenolics stability in juice

samples.... J Food Sci. 2018 Apr 16;83.
32. Ravichandran K, Saw NMMT, Mohdaly AAA, Gabr AMM, Kastell A, Riedel H, et al. Impact of
processing of red beet on betalain content and antioxidant activity. Food Res Int. 2013 Mar 1;50(2):670-

5.
33. Walkowiak-Tomczak D, Zielinska A. Effect of Fermentation Conditions on Red-Beet Leaven Quality.

Pol J Food Nutr Sci. 2006 Dec 31;56(4):437-44.

Recommended Citation

Jeremiah M., Andrew N. M., Moses O. M., Vincent K. The effects of different short-term Storage Modalities on
the Anti-oxidant Capacity of Beetroot Juice. Alger. j. biosciences. 2023, 04(02):116-122.

SROAS

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



http://creativecommons.org/licenses/by-nc/4.0/

