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The plant kingdom constitutes a source of new chemical compounds which may be important owing to 
their potential use in medicine and other applications. This study discussed the effect of taking 8 g of 
beetroot (Beta vulgaris L.) for 20 days on the blood samples of female volunteers where the hemoglobin 
levels before and after the study was recorded. The results showed mild increase in hemoglobin 
readings, decrease in total iron binding capacity (TIBC), increase in ferritin and decrease in transferrin. 
Also, there was mild increase in serum iron levels after taking beetroot. Regarding MCV, it showed mild 
increase in four volunteers only. However, more research is needed to clearly identify mechanisms of 
action and proper dosing patterns to maximize the performance benefits of beetroot. 
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INTRODUCTION 
 
In different parts of the world especially in Africa and Asia 
with high incidence of the disease, the people have learnt 
to manage the problem using plants which are God’s gift 
of nature. Various advances in scientific research on the 
use of plants and herbs brought the beneficial aspects of 
traditional medicine and the rational for their uses to the 
limelight (Okpuzor et al., 2008). Different beetroot 
compounds, for example betalains, became especially 
important for phytomedicine: betalains (betacyanins and 
betaxanthines) have been detected only in red-violet, 
orange and yellow pigmented botanical species 

belonging to closely related families of the order 
caryophyllalles (Kujala et al., 2000). Betalain pigments 
have specifically been shown to possess various 
antioxidant functions (Escribano et al., 1998). 

Anemia in association with iron deficiency has serious 
implications in terms of increased morbidity and mortality 
rates in vulnerable groups, impaired growth and cognitive 
abilities in children, and reduced capacity and poor 
obstetric performance in adults (Soewondu et al., 1989). 
Although many causes of anemia have been identified 
worldwide (Fleming, 1981), it is agreed that nutritional
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deficiency is due primarily to low bioavailability of dietary 
iron accounts for more than half the total number of 
cases (Skikne,1988). Hemoglobin determination is one of 
the most convenient screening methods in anemia. Of 
the iron status indicators, serum ferritin (SF) and 
erythrocyte protoporphyrin (EP) are among the reliable 
indexes available for assessing nutrition in population 
groups (Kuvibidila et al., 1994).  

Red beet (Beta vulgaris L.)  is cultivated throughout the 
world for its roots, which are used as a food and as a 
source of natural dye (Chevallier, 1996). Beets are small 
herbaceous plants  with   broad  dark  green leaves. 
Beetroot is one of the richest sources of folate. Beetroot 
is also a source of fiber, potassium, manganese, iron, 
vitamin C, and a number of other vitamins and minerals 
(Rauha et al., 2005). Results from several in vitro studies 
have demonstrated that betalains from beetroots possess 
powerful antiradical and antioxidant activity (Kujala et al., 
2002). Medicinally, the roots and leaves of the beet have 
been employed as a folk remedy to treat a wide variety of 
ailments (Kapadia et al., 2003). 

Besides other active chemicals, beetroots contain a 
unique class of water-soluble, nonphenolic antioxidants, 
the betalains, including two classes of compounds, red 
betacyanins (principally betanin) and yellow 
betaxanthines (Kanner et al., 2001). The aim of the 
present study was to show up the impact of Beetroot 
(Beta vulgaris L.) intake on the level of some blood tests 
in a group of female volunteers.  

In recent years, the root vegetable B. vulgaris rubra, 
otherwise known as red beetroot (herein referred to as 
beetroot) has attracted much attention as a health 
promoting functional food. Reports of its use as a natural 
medicine date back to Roman times (Ninfali and 
Angelino, 2013). Today, beetroot is grown in many 
countries worldwide, is regularly consumed as part of the 
normal diet, and commonly used in manufacturing as a 
food colouring agent known as E162 (Georgiev et al., 
2010; Zielińska-Przyjemska et al., 2009).  

Recent studies have provided compelling evidence that 
beetroot ingestion offers beneficial effects for several 
pathologies, such as; hypertension, atherosclerosis, type 
2 diabetes and dementia (Ninfali and Angelino, 2013; 
Gilchrist et al., 2014; Presley et al., 2011; Vanhatalo et 
al., 2010; Wootton-Beard et al., 2011). Hypertension in 
particular has been the target of many therapeutic 
interventions and there are numerous studies that show 
beetroot, delivered acutely as a juice supplement (Bailey 
et al., 2009; Webb et al., 2008; Jajja et al., 2014) or in 
bread (Hobbs et al., 2013; Hobbs et al., 2012) to 
significantly reduce systolic and diastolic blood pressure. 
Further discussion of beetroot’s anti-hypertensive 
potential is summarised in several reviews (Hobbs et al., 
2013; Kapil et al., 2014 and Lidder and Webb, 2013).  

Beetroot supplementation might serve as a useful 
strategy to strengthen endogenous  antioxidant  defenses 
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(Kannan and Jain, 2000; Kohen and Nyska, 2002). 
Beetroot is as an exceptionally rich source of antioxidant 
compounds. The betalain pigments in particular, has 
been shown to protect cellular components from oxidative 
injury (Kanner et al., 2001; Reddy et al., 2005; Tesoriere 
et al., 2008). For example, in the study by Kanner et al. 
(2001), two betalain metabolites (betanin and betanidin) 
were shown to reduce linoleate damage induced by 
cytochrome C oxidase and lipid membrane oxidation 
induced by H2O2-activated metmyoglobin and free iron 
(AA-Fe). The authors also reported that betanin, the most 
abundant betalain found in beetroot (300 to 600 mg kg

−1
), 

was the most effective inhibitor of lipid peroxidation.  
Beetroot contains several highly bioactive phenolics, 

such as rutin, epicatechin and caffeic acid which are also 
known to be excellent antioxidants (Georgiev et al., 2010; 
Frank et al., 2005; Manach et al., 2005). Furthermore, 
nitrite and other NO donors akin to beetroot have been 
shown to suppress radical formation and directly 
scavenge potentially damaging Reactive oxygen and 
nitrogen species (RONS) (Lundberg et al., 2011; Wink et 
al., 2001 and Wink et al., 2011).  

A number of studies report that beetroot, in the form of 
a juice supplement, protects against oxidative damage to 
DNA, lipid and protein structures in vitro (Pietrzkowski et 
al., 2010; Kujawska et al., 2009; Winkler et al., 2005). A 
study by Wootton-Beard and Colleagues suggests that a 
key mechanism by which beetroot juice exerts its 
antioxidant effects is by scavenging radical species 
(Wootton-Beard et al., 2011). They found that two 
commercially available beetroot juices inhibited in vitro 
radical formation in the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and 3-ethylbenzothiazoline-6-sulfonicacid ABTS 
assays by 100 and 92%, respectively. The antioxidant 
capacity of beetroot juice is comparable to or higher than 
a variety of fruit and vegetable juices (Wootton-Beard et 
al., 2011; Ryan and Prescott, 2010). Interestingly, the 
antioxidant capacity of beetroot juice in both the (DPPH) 
and FRAP assays was far greater than more well-known 
vegetable juices. 
 
 

MATERIALS AND METHODS 
 

Plant  
 

Red beetroot (B. vulgaris L.) was purchased from a local market in 
Makkah, Saudi Arabia. 
 
 

Preparation of dried beetroot 

 
Red beetroots were washed with tap water, chopped into small 
pieces and then dried. The dried material was reduced into powder 
form as far as possible. 
 
 

Subject 
 

Seven apparently healthy female volunteers (age range, 22 to 24
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Table 1. Hemoglobin (Hb), total iron binding capacity (TIBC), ferritin (Fe), transferrin (Tf), serum iron(SI) and mean corpuscular volume (MCV) values before and after red beetroot 
(Beta vulgaris L.) supplementation. 
 

Volunteers 
number 

Hb TIBC Ferritin Transferrin S. Iron MCV 

12-16 g/dL* 228-428 ug/dL* 20-150 ng/dL* 200-360 mg/dL* 37-145 ug/dL* 80-97 fL* 

A B A B A B A B A B A B 

1 13.8 14.2 325 319 36.1 37.4 275 270 40 72 88.1 86.4 

% of change 2.9% + 1.8% - 3.6% + 1.8% - 80.0% + 1.9% - 

2 11.2 11.7 440 411 3.5 4.1 372 348 14 27 80.3 79.6 

% of change 4.5% + 6.6% - 14.7% + 6.5% - 92.9% + 0.9% - 

3 12.4 12.7 339 335 33.5 47.0 287 284 22 42 78.1 79.2 

% of change 2.4% + 1.2% - 40.3% + 1.0% - 90.9% + 1.4% + 

4 12.9 13.5 361 356 14.7 17.5 306 302 42 82 85.2 85.9 

% of change 4.7% + 1.4% - 19.3% + 1.3% - 95.2% + 0.8% + 

5 10.5 11.7 405 367 20.5 26.0 343 311 41 81 72.6 75.5 

% of change 11.4% + 9.4% - 26.8% + 9.3% - 97.6% + 4.0% + 

6 12.0 12.7 372 352 4.6 5.0 315 298 28 54 97.3 97.1 

% of change 5.8% + 5.4% - 8.7% + 5.4% - 92.9% + 0.2% + 

7 11.0 11.4 461 395 9.9 10.3 391 335 74 110 84.2 83.7 

% of change 3.6% + 14.3% - 3.9% + 14.3% - 48.6% + 0.6% - 
 

* Normal Rang. 

 
 
 
years) received oral dried beetroot 20 days; 8 g of dried 
beetroot was given to each in the morning. 
 
 

Study design 
 

The iron status of the subjects was assessed at onset of 
the study (sample A) by assaying a venous blood 
sample for hemoglobin, total iron binding capacity 
,serum ferritin, serum transferrin, mean cell volume and 
serum iron. Similar tests were also performed after the 
discontinuation of supplementation (sample B). Blood 
samples were taken at private laboratory in the city of 
Makkah. 

Blood samples were withdrawn from every volunteer 
and placed in test tubes which contain anticoagulant 
substance. First test tube was utilized to do complete 
blood count by UDI hemolysis machine, and the second 

test tube was placed in central centrifugation to isolate 
the plasma and then to analyze ferritin, transferrin and 
total iron binding capacity separately by MINE Vidas 
machine. Iron levels in serum were analyzed by CUBAS 
C3.  

 
 

RESULTS AND DISCUSSION 
 
Table 1 shows the result of laboratory 
investigations for hemoglobin (Hb), total iron 
binding capacity (TIBC), ferritin (Fe), transferrin 
(Tf), serum iron (SI) and mean corpuscular 
volume (MCV) from blood samples of the 
subjects tested before the experiment and after 
20 days of taking 8 g of beetroot in a daily 

basis. Table 1 and Figure 1 show clearly that 
there was a mild increase in Hb levels of the 
subjects after taking beetroot and the increase 
percentage was ranged between 2.4 and 
11.4%. The findings of the study are consistent 
with the study conducted by Gayathri Priya et 
al. (2013) and on the other hand, the levels of 
TIBC decreased for all subjects after taking 
beetroot in relation to pre-test levels, and the 
percentage for the decrease ranged between 
1.2 and 14.3% as in Table 1 and Figure 2; this 
decrease in TIBC may be related to 
improvement of iron store as a result of 
beetroot intake. 

Ferritin levels for all subjects showed up mild
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Figure 1. Hemoglobin (Hb) values before and after red beetroot (Beta vulgaris L.) 
supplementation. 

 
 
 

 
 

Figure 2. Total Iron Binding Capacity (TIBC) values before and after Red beetroot 
(Beta vulgaris L.) supplementation. 

 
 
 
increase after 20 days of taking beetroot in relations to 
the levels that have been recorded before the test and 
the increase percentage was ranged between 3.6 and 
40.3% as in Table 1 and Figure 3. Ferritin has normally 
been considered as a storage compound from which iron 
is readily mobilized, so this increase in Fe may be related 

to improvement of iron store as a result of beetroot 
intake. Under steady state conditions, serum ferritin 
concentrations correlate well with total body iron stores. 
Thus, serum ferritin is the most convenient laboratory test 
to estimate iron stores (Wood et al., 2005; Nadadur et al., 
2008; Hunt et al., 2009). On the other hand, transferrin
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Figure 3. Ferritin (Fe) values before and after Red beetroot (Beta vulgaris L.) 
supplementation. 

 
 
 

 
 

Figure 4. Transferrin (Tf) values before and after red beetroot (Beta vulgaris L.) 
supplementation. 

 
 
 
levels decreased in blood samples of the subjects after 
20 days of taking beetroot in comparison to the levels 
that have been recorded before the test as in Table 1 and 
Figure 4 and the decrease percentage was ranged 
between 1 and 14.3%. The decrease in transferrin level 
may be as a result of decrease for iron demand. 

Serum iron levels at all subjects showed  up  enormous 

increase after taking beetroot and the levels recorded 
were 80, 92.9, 90.9, 95.2, 97.6, 92.9 and 48.6% 
respectively as in Table 1 and Figure 5. This probably 
indicates that beetroot is an excellent source of iron. 
Also, MCV levels showed up mild increase at four 
subjects after taking beetroot and the increase 
percentages were 1.4, 0.8, 4 and 2% respectively as it
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Figure 5. Serum iron (SI) values before and after Red beetroot (Beta vulgaris L.) 
supplementation. 

 
 
 

 
 

Figure 6. Mean corpuscular volume (MCV) values before and after Red beetroot 
(Beta vulgaris L.) supplementation. 

 
 
 
appears in Table 1 and Figure 6. This may be related to 
the fact that 20 days are not sufficient to have a 
satisfactory results regarding MCV level and we need a 
bit longer duration. Also, it is may be explained by the 
length of RBC life span which takes approximately 120 
day (Harrison, 1979). Indhumathi and 

Kannikaparameswari (2012) stated that B. vulgaris 
recorded significant increase in packed cell volume 
(PCV), hemoglobin concentration, Red Blood Cell counts 
(RBCs), and total lymphocyte count and MCV. 

Anemia in association with iron deficiency has serious 
implications (Soewondu et al., 1989; Beard  and  Connor, 
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2003). Iron depletion is the earliest stage of iron 
deficiency. Iron-deficiency anemia is the most advanced 
stage of iron deficiency. It is characterized by decreased 
or absent iron stores, low serum iron concentration, low 
transferrin saturation, and low blood hemoglobin 
concentration (Kenneth et al., 2010). Hemoglobin 
determination is one of the most convenient screening 
methods in anemia. Of the iron status indicators, serum 
ferritin (SF) and erythrocyte protoporphyrin (EP) are 
among the reliable indexes available for assessing 
nutrition in population groups (Kuvibidila et al., 1994). 
Beetroot is one of the richest sources of folate, which is 
important for a healthy heart and for women trying to 
conceive, as it helps prevent spinal cord defects in the 
baby. Beetroot is also a source of other substances and 
minerals (Rauha et al., 2005).  

In this study, we recorded obvious increase in serum 
iron level, mild increase in hemoglobin and ferritin after 
taking 8 g of beetroot for 20 days and thus it can be 
stated that beetroot might have some therapeutic 
properties for iron deficiency. So, it is suggested that 
beetroot be put within the dietary protocols for women at 
childbearing age after doing more advanced studies in 
this regard.  
 
 

CONFLICT OF INTERESTS 
 
The author has not declared any conflict of interest 
 
 
REFERENCES 
 

Bailey SJ, Winyard P, Vanhatalo A, Blackwell  JR, Dimenna FJ, 
Wilkerson DP, Tarr J, Benjamin N, Jones AM (2009). Dietary nitrate 
supplementation reduces the O2 cost of low-intensity exercise and 
enhances tolerance to high-intensity exercise in humans. J. Appl. 
Physiol. 107:1144-1155. 

Beard JL, Connor JR (2003). Iron status and neural functioning. Annu. 
Rev. Nutr. 23:41-58. 

Chevallier A (1996) .The encyclopedia of medicinal plants. New York: 
DK Publishing Inc, P.176. 

Escribano J, Pedreno MA, Garcيa‐Carmona F, Munoz R (1998). 
Characterization of the antiradical activity of betalains from Beta 
vulgaris L. roots. Phytochem. Anal. 9:124-127.‏ 

Frank T, Stintzing FC, Carle R, Bitsch I, Quaas D, Strass G, Netzel M 
(2005). Urinary pharmacokinetics of betalains following consumption 
of red beet juice in healthy humans. Pharmacol. Res. 52:290-297. 

Fleming AF (1981). Haematological manifestations of malaria and other 
parasitic diseases. Clin. Haematol. 10:983-1011.‏ 

Gayathri PN, Malarvizhi M, Annal JJ (2013). Beet root juice on 
haemoglobin among adolescent girls. J. Nurs. Health Sci. 2(1):09-13. 

Georgiev VG, Weber J, Kneschke EM, Denev PN, Bley T, Pavlov AI 
(2010). Antioxidant activity and phenolic content of betalain extracts 
from intact plants and hairy root cultures of the red beetroot Beta 
vulgaris cv. Detroit dark red. Plant Foods Hum. Nutr. 65:105-111. 

Gilchrist M, Winyard PG, Fulford J, Anning C, Shore AC, and Benjamin 
N (2014). Dietary nitrate supplementation improves reaction time in 
type 2 diabetes: Development and application of a novel nitrate-
depleted beetroot juice placebo. Nitric Oxide 40:67-74. 

Harrison KL (1979). Fetal Erythrocyte Lifespan. J. Paediatr. Child 
Health 15(2):96-97. 

Hunt JR, Zito CA, Johnson LA (2009). Body iron excretion by healthy 

 
 
 
 

men and women. Am. J. Clin. Nutr. 89:1-7. 
Hobbs DA, Goulding MG, Nguyen A, Malaver T, Walker CF, George 

TW, Lovegrove  JA (2013). Acute ingestion of beetroot bread 
increases endothelium-independent vasodilation and lowers diastolic 
blood pressure in healthy men: A randomized controlled trial. J. Nutr. 
143:1399-1405. 

Hobbs DA, Kaffa N, George TW, Methven L, Lovegrove JA (2012). 
Blood pressure-lowering effects of beetroot juice and novel beetroot-
enriched bread products in normotensive male subjects. Brit. J. Nutr. 
108:2066-2074. 

Hobbs DA, George TW, Lovegrove JA (2013). The effects of dietary 
nitrate on blood pressure and endothelial function: A review of human 
intervention studies. Nutr. Res. Rev. 26:210-222. 

Indhumathi T, Kannikaparameswari K (2012). Hematopoietic study of 
the methanolic root extract of Brta vulgaris on albino rats-an in vivo 
study. Int. J. Pharm. Bio. Sci. 3(4):1005 -1015. 

Jajja A, Sutyarjoko A, Lara J, Rennie K, Brandt K, Qadir O, Siervo M 
(2014). Beetroot supplementation lowers daily systolic blood pressure 
in older, overweight subjects. Nutr. Res. 34:1-8. 

Kannan K, Jain SK (2000). Oxidative stress and apoptosis. 
Pathophysiology 7:153-163‏. 

Kapil V, Weitzberg E, Lundberg JO, Ahluwalia A (2014). Clinical 
evidence demonstrating the utility of inorganic nitrate in 
cardiovascular health. Nitric Oxide 38:45-57. 

Kohen R, Nyska A (2002). Oxidation of biological systems: Oxidative 
stress phenomena, antioxidants, redox reactions, and methods for 
their quantification. Toxicol. Pathol. 30:620-650. 

Kuvibidila S, Yu L, Warrier RP, Ode D, Mbele V (1994). Usefulness of 
serum ferritin levels in the assessment of iron status in non-pregnant 
Zairean women of childbearing age. J. Trop. Med. Hyg. 97:171-179. 

Kanner J, Harel S, Granit R (2001). Betalains A New Class of Dietary 
Cationized Antioxidants. J. Agric. Food. Chem. 49:5178-5185. 

Kujawska M, Ignatowicz E, Murias M, Ewertowska M, Mikołajczyk K, 
Jodynis-Liebert J (2009). Protective effect of red beetroot against 
carbon tetrachloride- and N-nitrosodiethylamine-induced oxidative 
stress in rats. J. Agric. Food Chem. 57:2570-2575‏. 

Kujala TS, Loponen JM, Klika KD, Pihlaja K (2000). Phenolics and 
betacyanins in red beetroot (Beta v ulgaris) root: Distribution and 
effect of cold storage on the content of total phenolics and three 
individual compounds. J. Agric. Food Chem. 48:5338-5342.‏ 

Kujala TS, Vienola MS, Klika KD, Loponen JM, Pihlaja K (2002). 
Betalain and phenolic compositions of four beetroot (Beta vulgaris) 
cultivars. Eur. Food Res.Technol. 214:505-510.‏  

Kapadia GJ, Azuine MA, Sridhar R, Okuda Y, Tsuruta A, Ichiishi E, 
Tokuda H (2003). Chemoprevention of DMBA-induced UV-B 
promoted, NOR-1-induced TPA promoted skin carcinogenesis, and 
DEN-induced phenobarbital promoted liver tumors in mice by extract 
of beetroot. Pharmacol. Res. 47(2):141-148.‏ 

Kenneth K, Marshall A, Ernest B (2010).Williams Hematology 8
th
 

Eidition: McGraw-Hill: p. 854. 
Lidder S, Webb AJ (2013). Vascular effects of dietary nitrate (as found 

in green leafy vegetables and beetroot) via the nitrate-nitrite-nitric 
oxide pathway. Br. J. Clin. Pharmacol. 75:677-696. 

Lundberg  JO,  arlstr m M, Larsen FJ, Weitzberg E (2011). Roles of 
dietary inorganic nitrate in cardiovascular health and disease. 
Cardiovasc. Res. 89:525-532. 

Manach C, Williamson G, Morand C, Scalbert A, Rémésy C (2005). 
Bioavailability and bioefficacy of polyphenols in humans. I. Review of 
97 bioavailability studies. Am. J. Clin. Nutr. 81:230-242. 

Nadadur SS, Srirama K, Mudipalli A (2008). Iron transport and 
homeostasis mechanisms: Their role in health and disease. Indian J. 
Med. Res. 128:533-544. 

Ninfali  P, Angelino D (2013). Nutritional and functional potential of Beta 
vulgaris cicla and rubra. Fitoterapia 89:188-199. 

Okpuzor J, Adebesin O, Ogbunugafor H (2008). The potential of 
medicinal plants in sickle cell disease control: A review. Int. J. 
Biomed. Health Sci. 4(2):47-55.‏ 

Presley TD, Morgan AR, Bechtold E, Clodfelter W, Dove RW, Jennings  
JM, Kraft RA, King RA, Laurienti PJ, Rejeski WJ, Burdette JH (2011). 
Acute effect of a high nitrate diet on brain perfusion in older adults. 



 
 
 
 
 

Nitric Oxide 24:34-42. 
Pietrzkowski Z, Nemzer B,  p rna A, Stalica P, Tresher W, Keller R, 

Jiminez R, Michalowski T, Wybraniec S (2010). Influence of betalin-
rich extracts on reduction of discomfort associated with osteoarthritis. 
New Med. 1:12-17. 

Rauha JP, Remes S, Heinonen M, Hopia A, Kähkönen M, Kujala T, 
Pihlaja K, Vuorela  H, Vuorela P (2005). Antimicrobial effects of 
Finnish plant extracts containing flavonoids and other phenolic 
compounds. Int. J. Food Microbiol. 56:3-12. 

Reddy MK, Alexander-Lindo RL, Nair MG (2005). Relative inhibition of 
lipid peroxidation, cyclooxygenase enzymes, and human tumor cell 
proliferation by natural food colors. J. Agric. Food Chem. 53:9268-
 .‏9273

Ryan L, Prescott SL (2010). Stability of the antioxidant capacity of 
twenty-five commercially available fruit juices subjected to an in vitro 
digestion. Int. J. Food Sci. Technol. 45:1191-1197. 

Soewondu S, Husaini M, Pollitt E (1989). Effect of iron deficiency on 
attention and learning  processes in pre-school children: Bandungg, 
Indonesia. Am. J. Clin. Nutr. 50:667-674. 

Skikne BS (1988). Current concepts in iron deficiency anemia. Food 
Rev. Int. 4:137-173.‏ 

Vanhatalo A, Bailey SJ, Blackwell JR, Di Menna FJ, Pavey TG, 
Wilkerson DP, Benjamin N, Winyard PG, Jones AM (2010). Acute 
and chronic effects of dietary nitrate supplementation on blood 
pressure and the physiological responses to moderate-intensity and 
increaseal exercise. Am. J. Physiol. 299:1121-1131. 

Tesoriere L, Fazzari M, Angileri F, Gentile C, Livrea MA (2008). In vitro 
digestion of betalainic foods. Stability and bioaccessibility of 
betaxanthins and betacyanins and antioxidative potential of food 
digesta. J. Agric. Food. Chem. 56:10487-10492. 

Webb AJ, Patel N, Loukogeorgakis S, Okorie M, Aboud Z, Misra S, 
Rashid R, Miall P, Deanfield J, Benjamin N, MacAllister R (2008).  
Acute blood pressure lowering, vasoprotective, and antiplatelet 
properties of dietary nitrate via bioconversion to nitrite. Hypertension, 
51:784-790. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Al-aboud          17 
 
 
Wink DA, Miranda KM, Espey MG, Pluta RM, Hewett SJ, Coltonm C, 

Vitek M, Feelisch M, Grisham MB (2001). Mechanisms of the 
antioxidant effects of nitric oxide. Antioxid. Redox Signal. 3:203-213.  

Wink DA, Hines HB, Cheng RYS, Switzer CH, Flores-Santana W, Vitek 
MP, Ridnour LA, Colton CA (2011).  Nitric oxide and redox 
mechanisms in the immune response. J. Leukoc. Biol. 89:873-891. 

Winkler C, Wirleitner B, Schroecksnadel K (2005). In vitro effects of 
beet root juice on stimulated and unstimulated peripheral blood 
mononuclear Cells. Am. J. Biochem. Biotechnol., 1:180. 

Wootton-Beard PC, Brandt K, Fell D, Warner S, Ryan L (2011). Effects 
of a beetroot juice with high neobetanin content on the early-phase 
insulin response in healthy volunteers. J. Nutr. Sci. 3:1-9. 

Wootton-Beard PC, Moran A, Ryan L (2011). Stability of the total 
antioxidant capacity and total polyphenol content of 23 commercially 
available vegetable juices before and after in vitro digestion 
measured by FRAP, DPPH, ABTS and Folin-Ciocalteu methods. 
Food Res. Int. 44:217-224. 

Wood RJ, Ronnenberg A (2005). Iron. In: Shils M.E., Shike M., Ross 
A.C., Caballero B., Cousins R.J. (eds), Modern Nutrition in Health 
and Disease. 10th ed. Baltimore: Lippincott Williams & Wilkins. pp. 
248-270.  

Zielińska-Przyjemska M, Olejnik A, Dobrowolska-Zachwieja A, Grajek 
W (2009). In vitro effects of beetroot juice and chips on oxidative 
metabolism and apoptosis in neutrophils from obese individuals. 
Phytopher. Res. 23:49-55. 

 


