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Ginger (Zingiber officinale) is rich in natural polyphenols and may potentially complement oral iron therapy in

treating and preventing iron deficiency anaemia (IDA). Ginger possesses several health-promoting properties and

has been traditionally used in East Asia to ease fatigue and weaknesses. Contemporarily, ginger is considered a

functional food that can confer health benefits beyond its nutritional values for preventing, managing, or treating

disease. As a rich source of natural polyphenols, ginger may potentially complement oral iron therapy in treating

IDA and be a supportive dietary strategy for preventing IDA. 

ginger  iron deficiency anaemia  iron

1. Nutritional Composition and Traditional Use of  Ginger

Nutritional analysis has shown that ginger consists mainly of moisture, carbohydrate, protein, fibre, fat, and ash. It

is rich in polyphenols and contains micronutrients including ascorbic acid, β-carotene, calcium, iron, and copper.

However, it is worth noting that the nutritional composition of ginger can vary greatly depending on the varieties,

origin, time of harvest, drying method, and storage condition.  Table 1  shows the approximate nutritional

composition of dried ginger powder reported in the literature . Ginger is, however, valued beyond its nutritional

benefits. It is believed that the Indian and Chinese populations have used ginger as a tonic for over 5000 years .

In Shen Nong Ben Cao Jing, the oldest surviving Chinese materia medica circa 100BC, ginger was classified as a

middle category of herb with little or no toxicity and was mainly used in combination prescription to treat deficiency

to prevent illness or resist worsening disease . Incidentally, ginger is also used in traditional Ayurvedic medicine

to treat many diseases such as diabetes, flatulence, intestinal colic, indigestion, infertility, inflammation, insomnia,

nausea, rheumatism, stomach ache, and urinary tract infections .

Table 1. Nutritional composition of dried ginger powder as reported by Ajayi et al.  and Sangwan et al. .
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Nutrient Amount Unit

Carbohydrate 39.70–58.21 %

Protein 11.65–12.05 %

Crude fibre 8.30–21.90 %

Fat 9.89–17.11 %

Moisture 3.95–4.63 %
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2. Potential Benefits of Ginger for Iron Deficiency Anaemia

The following sections will explore available evidence from in vivo, ex vivo, in vitro, and human clinical studies to

elucidate the potential benefits of ginger for IDA and its associated clinical manifestations of altered iron

metabolism. A summary of the research findings is presented in Table 2.

Table 2. A summary of the research findings on ginger’s beneficial properties in its applications for iron deficiency

anaemia and associated clinical manifestations of altered iron metabolism.

Nutrient Amount Unit

Ash 4.95–7.45 %

β-carotene 0.68–0.81 mg/100 g

Ascorbic acid 2.2–3.8 mg/100 g

Polyphenols 11.8–12.5 mg/100 g

Calcium 64.4–69.2 mg/100 g

Iron 1.5–1.8 mg/100 g

Copper 0.46–0.75 mg/100 g

Beneficial
Property

Study
Type

Research Findings Reference

Iron absorption
enhancement

Ex vivo Ginger was the most potent spice for enhancing iron absorption by
increasing uptake by 28.5 ± 2.09% in the jejunum of rats compared
to control.

 

  In vitro Adding ginger to food enhanced the bioaccessibility of dietary iron
by 2- to 3-fold depending on the formulations.

 

  Human
study

Ginger plus oral iron therapy improved haematological and iron
parameters of anaemic patients better than oral iron therapy alone.

 

Antioxidant
activity

In vivo Adding ginger to the diet significantly increased the activities of
antioxidant enzymes (p<0.05) at the intestinal and gastric mucosa
of rats, demonstrating enhanced protective effects against oxidative
stress.

 

  In vitro The polyphenols and diarylheptanoid derivatives of ginger
contributed to both radical scavenging and inhibitory effects of
autoxidation.

 

  In vitro Both red and white ginger variants possessed antioxidant
capacities against free iron radicals in rat brains, but red ginger was
superior at inhibiting Fe -induced lipid peroxidation and chelating
Fe .

 

  In vitro Water-based extract of ginger showed relatively low antioxidant
activities compared to other spices due to reduced phenolic

 

[6]

[7]

[8][9]

[10]

[11]

2

2

[12]

[13]



Ginger and Iron Deficiency Anaemia | Encyclopedia.pub

https://encyclopedia.pub/entry/31926 3/13

Beneficial
Property

Study
Type

Research Findings Reference

contents produced from hydro-distillation extraction.

Anti-
inflammatory
action

Review The bioactive compounds in ginger possessed broad anti-
inflammatory properties that can block the activation of NF-κβ by
suppressing pro-inflammatory cytokines of IL-1, TNF-α and IL-6,
thus preventing hepcidin production.

 

  Human
study

Ginger plus oral iron therapy significantly reduced the inflammatory
marker TNF-α (p<0.05) in anaemic patients better than oral iron
therapy alone.

 

Gut microbiota
modulation

In vitro Undigested ginger polyphenols significantly increased the
abundances of Bifidobacterium (p<0.05)
and Enterococcus (p<0.01) after faecal inoculated fermentation,
accompanied by elevated levels of SCFA and decreased pH value.

 

  In vivo Ginger supplementation could mitigate the detrimental impact of a
high-fat diet in mice by promoting the abundance
of Bifidobacterium genus and SCFA-producing bacteria
(Alloprevotella and Allobaculum).

 

  In vivo Ginger treatment significantly reduced antibiotic-associated
diarrhoea symptoms (p<0.05) in rats with an associated increase in
microbiota diversity and improved intestinal barrier integrity.

 

  Human
study

Ginger juice consumption in healthy adults decreased the
Prevotella-to-Bacteroides ratio and pro-
inflammatory Ruminococcus_1 and Ruminococcus_2 genus while
increasing the Firmicutes-to-Bacteroidetes ratio, Proteobacteria and
anti-inflammatory Faecalibacterium.

 

Erythropoiesis
stimulation

In vivo Ginger, with its bioactive compounds of 8-gingerol, 10-gingerol, 8-
shogaol, and 10-shogaol, promoted the expression of Gata1 in
erythroid cells of zebrafish embryos through the Bmp signalling
pathway.

 

  In vivo Ginger induced scl/runx1 expression through Bmp and Notch
signalling pathways which up-regulated nitric oxide production for
regeneration of haematopoietic stem/progenitor cells.

 

Iron overload
prevention

In vivo The bioactive lipids in ginger repressed some iron-related
parameters, including reductions in 20% of  Fe absorption, 65% of
pancreatic non-haem iron, and 40% to 50% of serum ferritin levels,
compared to controls.

 

  In vivo Ginger extract demonstrated strong protective effects against iron
toxicity through its free radical scavenging activities in iron-
overloaded rats.
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Abbreviations: bone morphogenetic protein (Bmp); GATA-binding factor 1 (Gata1); interleukin (IL); short-chain fatty

acids (SCFA); tumour necrosis factor alpha (TNF-α).

2.1. Iron Absorption Enhancement

Prakash and Srinivasan  demonstrated in an animal study that various spices (ginger, capsaicin, and piperine)

can improve the bioavailability of dietary iron. Groups of Wistar rats were fed diets containing different spices for

eight weeks before being sacrificed. Everted segments of duodenum, jejunum, and ileum of small intestines

isolated from these rats were examined for ex vivo iron uptake through incubation with a medium containing finger

millet powder fortified with iron. Compared to the control group that was not fed with any spices, all spice-fed

groups showed significantly higher iron uptake percentages (p<0.05) in all sections of the small intestine. Ginger

was the most potent among the three spices to increase iron uptake across all sections. The highest was 28.5 ±

2.09% uptake at the jejunum for ginger compared to 26.3 ± 1.30% for piperine, 22.6 ± 1.40% for capsaicin, and

only 18.3 ± 0.39% for the control group. The suggested mechanism could be that the pungent spices altered

mucosal permeation characteristics by increasing the absorptive surface .

Ginger can also be used as a food additive to enhance the bioavailability of non-haem iron. A study by Jaiswal et

al.  compared the effects of iron bioaccessibility by adding various spices (ajwain, cumin, cinnamon, fennel, black

pepper, and ginger) at 1 or 2% weight to wheat flour and different Indian bread formulations. The bioaccessibility of

iron was measured through an in vitro dialysis method. Adding spices at 2% significantly enhanced iron

bioaccessibility (p  < 0.0001). Ginger, in particular, was shown to increase iron bioaccessibility in all food

formulations by 2- to 3-folds. The authors attributed effects to the ascorbic acid and amino acids within ginger that

favour iron absorption . However, with its low vitamin C content (Table 1), iron bioaccessibility is likely to be

assisted by other bioactive compounds in ginger.

The effects of ginger in enhancing iron availability have been confirmed in a human intervention study. Kulkarni et

al.  conducted a human clinical study to demonstrate the potential use of ginger supplements in the treatment

of IDA along with oral iron therapy. The study recruited 62 patients with anaemia following the WHO Hb cut-off

levels, consisting of 12 males and 50 females, from a hospital in India. Their conditions were likely due to

nutritional deficiency since those with chronic conditions, pregnancy, and blood donors were excluded. Participants

were divided into two groups. The intervention group (n = 30) took 1.5 g of ginger powder with oral iron therapy,

whereas the control group (n = 32) received only oral iron therapy as routine care. Fasting blood samples were

collected at baseline and after 30 days. Pre- and post-treatment comparisons of haematological and iron

parameters found significant increases (p<0.05) in all parameters in both groups. However, the intervention group

achieved a more remarkable improvement in percentage difference than the control group in Hb (+8.23% vs.

+2.3%), iron status (+19.63% vs. +5.54%), total iron-binding capacity (−7.23% vs. −4.47%), and SF (+45.11% vs.

+34.11%). However, the authors did not report whether there were significant differences in the mean differences

between groups. Notwithstanding, based on the published sample size, means, and standard deviations, the p-

values could be easily estimated. The mean difference between groups for serum iron levels was significantly

different post-treatment (p<0.007). Hence, the study demonstrated that ginger could assist in iron absorption and

improve the efficacy of oral iron therapy for IDA.

Beneficial
Property

Study
Type

Research Findings Reference

  Case
series

Ginger extract rich in 6-shogaol prevented iron overload in three
patients with myelodysplastic syndrome. These patients had
elevated serum ferritin (>300 g/μL) at baseline but achieved >40%
reductions after three months through upregulation of hepcidin.

 

Ginger-
synthesised iron
nanoparticles

In vitro Ginger was used to bio-reduce the metallic ions to nanoparticles
(Fe  ions to FeNPs). Transmission electron microscopy showed
that the FeNPs in ginger were in the range of 14.08–21.57 nm with
almost spherical forms and demonstrated considerable radical
scavenging properties and antimicrobial activities against Gram-
positive and Gram-negative bacteria and fungi.

 

  In vitro Ginger can be a suitable green material for synthesising iron
nanoparticles with high antioxidant and antibacterial properties.
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The study by Kulkarni et al.  had several drawbacks. The first is its short duration of trial with only 30 days.

Although patients with uncomplicated anaemia are expected to show improvement after 4 weeks of oral iron

treatment, replenishment of iron store will take longer to achieve . Secondly, the study did not track the

adverse events experienced by the participants. Thus, there was no data on ginger’s effects on any side effects of

oral iron therapy. Thirdly, there could be selection bias in the study design as it is unclear how the group

assignment was carried out. Hence, the results from this research need further validation with more well-designed

clinical trials.

2.2. Antioxidant Activity

Another study by Prakash and Srinivasan  showed that ginger can significantly enhance the activities of

antioxidant enzymes (p<0.05), including superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR),

and glutathione-S-transferase (GST), in both gastric and intestinal mucosa in vivo. For eight weeks, eight male

Wistar rats were fed ad libitum with a basal diet enriched with 0.05% ginger powder. Compared to the control group

provided with the basal diet only, the ginger group showed 48%, 11%, 67%, and 50% stimulation in the activities of

CAT, SOD, GST, and GR, respectively, in the intestinal mucosa. In rats subjected to ethanol-induced oxidative

stress, ginger treatment demonstrated higher SOD, GST, and GR activities in the gastric mucosa by 35%, 39%,

and 30%, respectively, compared to controls. Moreover, the ginger-fed group also had 56% higher mucin content of

gastric mucosa than the ethanol-treated controls. In short, this research  illustrated the gastrointestinal protective

effects of dietary ginger against oxidative stress.

The gingerol-related polyphenols and diarylheptanoids derived from the rhizomes of ginger possess remarkable

free radical scavenging activities . However, the antioxidant potency may vary across ginger varieties. In an in

vitro experiment, Oboh et al.  studied the antioxidant effects of two types of gingers (red and white) against free

iron radicals in rat brains. Although both variants possessed antioxidant capacities against Fe , the study found red

ginger (Z. officinale  var. Rubra) superior to white ginger (Z. officinale  Roscoe) at inhibiting Fe -induced lipid

peroxidation and chelating Fe , likely due to its higher ascorbic acid, phenol, and flavonoid contents.

Hinneburg et al.  demonstrated in another study that the contents of total phenols in various spices had

significant positive correlations with their antioxidant properties in terms of iron reduction (r  = 0.8871, p<0.001)

and inhibition of lipid peroxidation (r   = 0.7327,  p<0.01). Specifically, the hydro-distilled ginger extract showed

relatively low Fe  to Fe  reducing activity and Fe  chelating capacity compared to basil, parsley, juniper, cumin, and

fennel extracts. The reduced antioxidant activities were attributed to the low total phenols/extractable compounds

ratio of only 7.8% for ginger versus 59.7% for basil. The water-based extraction method used in Hinneburg et al.

 could not preserve the antioxidant activity of essential oils from ginger. Hence, the variety, extraction and

processing methods can greatly affect the antioxidant properties of ginger.

2.3. Anti-Inflammatory Action
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The anti-inflammatory action of ginger and its potential application in AI were aptly reviewed by Kumar et al. .

Inflammation stimulates hepcidin production in response to pro-inflammatory cytokines such as IL-1, tumour

necrotic factor (TNF)-α and, in particular, IL-6. As an acute phase protein, hepcidin’s role is to inhibit iron absorption

and thus minimise the free iron supply to invading pathogens. Hence, sustained elevation of hepcidin will cause

hypoferremia leading to anaemia. Additionally, an increase in IL-6 activates the nuclear factor kappa B (NF-κβ)

pathway, resulting in the synthesis of CRP from the hepatocytes. The rising CRP levels indicate systemic

inflammation and can blunt the erythropoiesis stimulation response in AI, especially in chronic kidney disease .

The bioactive compounds in ginger, such as 6-gingerol, 6-shogaol and 6-paradol, are known to possess broad anti-

inflammatory properties that can block the activation of NF-κβ by suppressing pro-inflammatory cytokines .

The human intervention study on ginger and iron absorption reported by Kulkarni et al.  mentioned earlier also

measured malondialdehyde (MDA) as the serum biomarker for oxidative stress and TNF-α  as the inflammatory

marker of the 62 participants receiving either ginger and iron treatment or oral iron therapy only. Both groups had

an insignificant difference in mean MDA and TNF-α  levels at baseline. After 30 days, both oxidative stress

(MDA: −18.62%, p<0.001) and inflammatory markers (TNF-α: −20.11%, p<0.05) were significantly reduced in the

oral iron plus ginger group. Conversely, in the control group taking only oral iron therapy, there was a significant

decrease in post-trial MDA levels (−9.67%, p<0.05) and a non-significant increase in TNF-α (+3.86%, p>0.05) .

The estimated mean difference between groups was not significant in changes in MDA but was significant in TNF-

α (p<0.05). It can be inferred from these results that, compared to oral iron therapy alone, combining ginger with

oral iron therapy can better alleviate oxidative stress and reduce inflammation in patients with IDA while correcting

their anaemic condition.

2.4. Gut Microbiota Modulation

Both iron deficiency and excess iron can lead to dysbiosis, characterised by an imbalance in the gut microbial

community, and are associated with diseases . Recent research has found ginger to exact prebiotic effects that

improve gut microbiota composition. In a study that stimulated digestion and fermentation in vitro, 85% of the

polyphenols in a dry ginger powder were still detectable in the digestive fluids after simulated digestion . These

polyphenol constituents include 6-, 8-, 10-gingerols and 6-shogaol. The undigested ginger extract significantly

modulated faecal microbiota structure following mixed-culture fermentation with faecal inoculation compared with

the control group. After 12 h of fermentation, the abundances of the beneficial bacterial groups

of Bifidobacterium  (p<0.05) and Enterococcus  (p<0.01) were significantly higher in the ginger group than in the

control group. The study also found elevated levels of short-chain fatty acids (SCFA) accompanied by decreased

pH value after fermentation with ginger extract compared to control. The results demonstrated that ginger and its

polyphenol compounds could improve human health through gut microbiota modulation .

Ginger’s effects on gut microbiota modulation were also confirmed in a mice model in an in vivo study . Five-

week-old C57BL/6J male mice were fed a high-fat diet with or without ginger supplementation for 16 weeks. With

ginger treatment, mice on a high-fat diet showed lower body weight and amelioration of liver steatosis, low-grade

inflammation, and insulin resistance compared to controls. Analysis of the gut microbiome showed an increase
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in Bifidobacterium genus and SCFA-producing bacteria (Alloprevotella and Allobaculum) and increases in faecal

SCFA concentrations. As a high-fat diet promotes oxidative stress and chronic low-grade inflammation associated

with metabolic dysfunction, this research demonstrated that ginger supplementation could mitigate the detrimental

impact of a high-fat diet on gut microbiota composition to promote health.

Another in vivo study also found ginger to have therapeutic effects in relieving diarrhoea after antibiotic use through

gut microbiota recovery . The study used 5-week-old Sprague-Dawley rats treated with antibiotics by gavage for

seven days before administering ginger extract for another seven days. The study found ginger treatment

significantly reduced diarrhoea symptoms (p<0.05) compared to the control group that did not receive ginger

treatment. Furthermore, the ginger treatment also considerably increased microbiota diversity in the gut, showing

accelerated recovery. Specifically, the abundance of Proteobacteria phyla was increased by antibiotics treatment

but restored significantly after ginger administration (p<0.0001). In contrast, antibiotic treatment depressed the

abundance of Bacteroidetes phyla and saw significant improvement with ginger treatment (p<0.001). The study

found  Escherichia Shigella  decreased at the genus levels, whereas Bacteroides increased the most in relative

abundance. Histopathological observation of the colon also revealed evidence of intestinal barrier integrity

improvement with ginger treatment associated with restoring tight junction protein Zonula occludens-1.

Changes in gut microbiota compositions in humans were also observed after consumption of ginger in a recent

RCT . The study recruited 138 healthy adults. All participants were advised to consume their usual diet but avoid

ginger-rich products, probiotics, and prebiotics for one week before starting the study. During the intervention

period, the participants were randomly assigned to take either fresh ginger juice (ginger group, n = 68) or sterile

0.9% sodium chloride (control group, n = 66) daily for seven days. Blood serum and faecal samples were collected

at baseline and after seven days. A total of 4 participants in the control group and 7 in the ginger group were lost to

follow-up, with only 123 participants completing the study. The study found increased counts of intestinal bacterial

species when comparing the taxonomic composition between the ginger and control groups. The ginger juice

intervention decreased the relative abundance of the Prevotella-to-Bacteroides ratio and the pro-

inflammatory  Ruminococcus_1  and  Ruminococcus_2  genus and increased the Firmicutes-to-Bacteroidetes

ratio, Proteobacteria and anti-inflammatory Faecalibacterium. Hence, the study concluded that consuming ginger

juice for a short period had substantial effects on the composition and function of gut microbiota in healthy people.

There is currently no known pre-clinical and clinical study on the effect of ginger on the gut microbiota in the case

of anaemia or iron deficiency. Nevertheless, prebiotics, such as inulin, are known to affect gut microbiota to

improve iron absorption in IDA . Thus, it is logical to assume a similar positive impact of ginger on IDA through

inferences. This is an area of further research.

2.5. Erythropoiesis Stimulation

Erythropoiesis, the process of producing RBCs, is impeded in IDA due to insufficient dietary iron intake, impairment

in iron absorption as affected by inflammation, or an imbalance between surging iron requirements and iron

available resulting from rapid growth or heavy blood loss . In fact, the use of ginger for haematopoiesis has an
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ethnomedicinal origin. Dry ginger is used in traditional Chinese medicine as a warm herb to promote blood flow,

remove blood stasis, and alleviate weakness and fatigue. As such, ginger is used in many blood tonic herbal

formulas for treating blood circulation, anaemia, and haemorheological conditions . Ginger is also a tonic food

recommended for postpartum women during the one month confinement period immediately after delivery for

recovery from blood loss. Specifically, in Southern China, traditional postpartum dietary practices include the

‘ginger vinegar soup’ made from sweet vinegar, ginger, egg, and pig’s trotters . This is an example of iron-rich

food leveraging ginger as a functional ingredient to improve iron bioavailability and promote erythropoiesis. Thus,

the ability of ginger to stimulate erythropoiesis can be an added benefit to the effectiveness of oral iron therapy for

IDA treatment.

In a study that utilised zebrafish embryos to investigate the effect of ginger extract on haematopoiesis in vivo, Ferri-

Lagneau et al.  found ginger, with its bioactive compounds of 8-gingerol, 10-gingerol, 8-shogaol, and 10-

shogaol, promoted the expression of GATA-binding factor 1 (Gata1) in erythroid cells. Gata1 is an early marker and

key regulator of erythropoiesis. Moreover, increases in the expression of haematopoietic progenitor markers cmyb

and scl were also observed. The study also identified 10-gingerol as the most potent stimulator in promoting the

primitive wave of erythropoiesis in early developing zebrafish embryos. The study further confirmed that the

haematopoiesis effect of ginger was mediated through the bone morphogenetic protein (Bmp) signalling pathway.

In a subsequent study, the same group of researchers further demonstrated that ginger/10-gingerol can rescue the

expression of haematopoietic stem/progenitor cells (HSPC) in zebrafish embryos with genetic defects . Ginger

was found to induce scl/runx1 expression through Bmp and Notch signalling pathways that led to arteriogenesis

and HSPC formation. Bmp and Notch are known to regulate nitric oxide (NO) production, which plays an active role

in the modulation of haematopoietic cell growth and differentiation. The study also showed that ginger produced a

robust up-regulation of NO in the rescued mutant zebrafish embryos. Therefore, the combined effect of ginger on

Bmp, Notch and NO production can be beneficial for the regulation of erythropoiesis for regeneration/recovery.

2.6. Iron Overload Prevention

Ginger’s ability in modulating iron absorption in the case of overload was an unexpected finding in a study that

used ginger nanoparticle-derived lipid vectors (GDLV) to deliver DMT-1 short-interference RNAs (siRNA) that

suppressed DMT-1 mRNA expression to reduce iron absorption in an iron-loading mice model . The study found

that GDLV containing negative control appeared to repress some iron-related parameters similar to the DMT-1

siRNA treatment. The observed effects were reductions of 20% in  Fe absorption, approximately 65% of

pancreatic non-haem iron, and 40 to 50% lower SF compared to controls. Hence, the authors suggested that the

bioactive lipids in ginger could influence iron absorption and homeostasis.

In another animal model, Gholampour et al.  showcased the protective properties of ginger against the

deleterious effects of iron overloading. To induce iron overload, male Wistar rats were given ferrous sulphate at 30

mg/kg/day, dissolved in 1 mL distilled water, intraperitoneally for 14 days. These rats showed significantly higher

serum hepatic markers and bilirubin levels, elevated MDA levels, lower serum albumin levels, total protein,
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triglyceride, cholesterol, and glucose, decreased creatinine clearance and higher fractional excretion of sodium

compared to controls (p<0.001). The histopathological examination further confirmed their liver and kidney

damage. A separate group of iron overloaded rats was fed with a hydroalcoholic ginger extract at 400 mg/kg/day

dissolved in 1 mL distilled water and given by gavage for 11 days from the fourth day of ferrous sulphate injection.

The feeding of ginger markedly reversed the adverse impacts of iron overload, as evidenced in the significantly

higher levels of hepatic serum markers, renal functional markers and lipid peroxidation markers in this group

compared to the iron only group (p<0.01). Moreover, depleted serum total protein, albumin, glucose, triglycerides,

and cholesterol were restored with bilirubin concentration decreased in the blood. Hence, ginger extract

demonstrated strong protective effects against iron toxicity potentially through its free radical scavenging activities.

The preservation of the liver and kidney was also corroborated through histological examinations.

The potential of ginger, especially its 6-shogaol derivative, in preventing iron overload is further demonstrated in a

case series reported by Golombick et al. . 6 early-stage, transfusion-independent patients with myelodysplastic

syndrome (MDS) were given a daily supplement of 20 mg of a ginger extract standardised for 20% 6-shogaol.

Blood and urine samples were collected monthly. At three months, the study found that 6-shogaol was able to

reduce the SF levels (>40% reductions) of three of the patients who had elevated SF (>300 g/µL) at baseline. Two

of the patients who had SF reduction repeated the study for another 3 months after a washout period. Again, a

greater than 40% reduction in SF was observed in the repeat tests for both patients. The two patients were tested

for their serum hepcidin levels at the repeat tests. Both patients demonstrated elevation of serum hepcidin that

accompanied the SF reduction. Furthermore, one patient who had high liver function enzymes due to alcohol

consumption also saw normalisation of liver function with a greater than 40% reduction in these enzymes at the

end of the study. The restoration of liver function was achieved without changing alcohol consumption habits. The

research concluded that ginger extract rich in 6-shogaol prevented iron overload in MDS patients through

upregulation of hepcidin, potentially with liver function restoration.

2.7. Ginger-Synthesised Iron Nanoparticles

Nanotechnology, the understanding and control of matter generally in the 1–100 nm dimension, is gaining much

medical research as it holds the potential for breakthroughs in preventing, diagnosing, and treating various

diseases due to the unique physicochemical properties of nanomaterials . Unsurprisingly, iron nanoparticle

(FeNP) preparations have also been developed to overcome the inherent limitations of conventional ferrous and

ferric iron formulations in the treatment of IDA. Pre-clinical studies showed that iron nanoparticles have high

bioavailability, are non-toxic, and induce lesser side effects than conventional iron preparations for IDA, even

though the delivery and safety issues in humans for therapeutic use required further research . The high

bioavailability of iron nanoparticles is also ideal for food fortifications as the nanoparticles do not cause

unacceptable taste or colour in food vehicles. Hence, it is suggested that nanosized iron salts can have potential

applications in food fortification to reduce IDA worldwide .

Ginger has been used in the green approach for metallic nanoparticles, including iron. The green synthesis

approach is preferred to avoid the production of unwanted or harmful chemical by-products and achieve a cost-
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effective and sustainable supply of nanoparticles . El-Refai et al.  used ginger and garlic extracts to

synthesise silver, copper, iron, and zinc nanoparticles, and their antioxidant and antimicrobial activities were

evaluated. The high flavonoid and phenolic contents in garlic and ginger water extracts revealed in the

phytochemical analysis strongly support the potential of garlic and ginger to bio-reduce the metallic ions to their

respective nanoparticles (e.g., Fe  ions to FeNPs). Transmission electron microscopy showed that the FeNPs in

ginger were in the range of 14.08–21.57 nm with almost spherical forms. In comparison, the particle size of FeNPs

in garlic ranged from 60.30 to 82.63 nm with tetragonal structures. All nanoparticles extracted in this research,

including FeNPs from ginger, demonstrated considerable radical scavenging properties and antimicrobial activities

against Gram-positive and Gram-negative bacteria and fungi . Other researchers have similarly shown ginger to

be a suitable green material for synthesising FeNPs with high antioxidant and antibacterial properties .

References

1. Ajayi, O.B.; Akomolafe, S.F.; Akinyemi, F.T. Food value of two varieties of ginger (Zingiber
officinale) commonly consumed in Nigeria. ISRN Nutr. 2013, 2013, 359727.

2. Sangwan, A.; Kawatra, A.; Sehgal, S. Nutritional composition of ginger powder prepared using
various drying methods. J. Food Sci. Technol. 2014, 51, 2260–2262.

3. Bode, A.M.; Dong, Z. The amazing and mighty ginger. In Herbal Medicine: Biomolecular and
Clinical Aspects, 2nd ed.; Benzie, I.F.F., Wachtel-Galor, S., Eds.; CRC Press/Taylor & Francis:
Boca Raton, FL, USA, 2011. Available online: https://www.ncbi.nlm.nih.gov/books/NBK92775/
(accessed on 2 September 2022).

4. Li, X.; Ao, M.; Zhang, C.; Fan, S.; Chen, Z.; Yu, L. Zingiberis rhizoma recens: A review of its
traditional uses, phytochemistry, pharmacology, and toxicology. Evid.-Based Complement. Altern.
Med. 2021, 2021, 6668990.

5. Unuofin, J.O.; Masuku, N.P.; Paimo, O.K.; Lebelo, S.L. Ginger from farmyard to town: Nutritional
and pharmacological applications. Front. Pharmacol. 2021, 12, 779352.

6. Prakash, U.N.S.; Srinivasan, K. Enhanced intestinal uptake of iron, zinc and calcium in rats fed
pungent spice principles—Piperine, capsaicin and ginger (Zingiber officinale). J. Trace Elem.
Med. Biol. 2013, 27, 184–190.

7. Jaiswal, A.; Pathania, V.; A, J.L. An exploratory trial of food formulations with enhanced
bioaccessibility of iron and zinc aided by spices. LWT 2021, 143, 111122.

8. Kulkarni, R.A.; Deshpande, A.; Saxena, K.; Varma, M.; Sinha, A.R. Ginger supplementary therapy
for iron absorption in iron deficiency anemia. Indian J. Tradit. Knowl. 2012, 11, 78–80.

9. Kulkarni, R.A. A Study of Anti-Inflammatory and Antioxidant Effects of Zingiber Officinale in
Tuberculosis Patients with Anemia. Ph.D. Thesis, Shri Aurobindo Institute of Medical Sciences,

[40] [24]

3+

[24]

[25][26]



Ginger and Iron Deficiency Anaemia | Encyclopedia.pub

https://encyclopedia.pub/entry/31926 11/13

Indore, MP, India, 2010.

10. Prakash, U.N.S.; Srinivasan, K. Gastrointestinal protective effect of dietary spices during ethanol-
induced oxidant stress in experimental rats. Appl. Physiol. Nutr. Metab. 2010, 35, 134–141.

11. Masuda, Y.; Kikuzaki, H.; Hisamoto, M.; Nakatani, N. Antioxidant properties of gingerol related
compounds from ginger. BioFactors 2004, 21, 293–296.

12. Oboh, G.; Akinyemi, A.J.; Ademiluyi, A.O. Antioxidant and inhibitory effect of red ginger (Zingiber
officinale var. Rubra) and white ginger (Zingiber officinale Roscoe) on Fe2+ induced lipid
peroxidation in rat brain in vitro. Exp. Toxicol. Pathol. 2012, 64, 31–36.

13. Hinneburg, I.; Dorman, H.J.D.; Hiltunen, R. Antioxidant activities of extracts from selected culinary
herbs and spices. Food Chem. 2006, 97, 122–129.

14. Kumar, S.; Saxena, K.; Uday, I.; Singh, N.; Saxena, R.; Singh, U.N. Anti-inflammatory action of
ginger: A critical review in anemia of inflammation and its future aspects. Int. J. Herb. Med. 2013,
1, 16–20. Available online: https://www.florajournal.com/archives/2013/vol1issue4/PartA/2.1.pdf
(accessed on 2 September 2022).

15. Wang, J.; Chen, Y.; Hu, X.; Feng, F.; Cai, L.; Chen, F. Assessing the effects of ginger extract on
polyphenol profiles and the subsequent impact on the fecal microbiota by simulating digestion and
fermentation in vitro. Nutrients 2020, 12, 3194.

16. Wang, J.; Wang, P.; Li, D.; Hu, X.; Chen, F. Beneficial effects of ginger on prevention of obesity
through modulation of gut microbiota in mice. Eur. J. Nutr. 2020, 59, 699–718.

17. Ma, Z.J.; Wang, H.J.; Ma, X.J.; Li, Y.; Yang, H.J.; Li, H.; Su, J.R.; Zhang, C.E.; Huang, L.Q.
Modulation of gut microbiota and intestinal barrier function during alleviation of antibiotic-
associated diarrhea with Rhizoma: Zingiber officinale (Ginger) extract. Food Funct. 2020, 11,
10839–10851.

18. Wang, X.; Zhang, D.; Jiang, H.; Zhang, S.; Pang, X.; Gao, S.; Zhang, H.; Zhang, S.; Xiao, Q.;
Chen, L.; et al. Gut microbiota variation with short-term intake of ginger juice on human health.
Front. Microbiol. 2021, 11, 576061.

19. Ferri-Lagneau, K.F.; Moshal, K.S.; Grimes, M.; Zahora, B.; Lv, L.; Sang, S.; Leung, T. Ginger
stimulates hematopoiesis via Bmp pathway in zebrafish. PLoS ONE 2012, 7, e39327.

20. Ferri-Lagneau, K.F.; Haider, J.; Sang, S.; Leung, T. Rescue of hematopoietic stem/progenitor cells
formation in plcg1 zebrafish mutant. Sci. Rep. 2019, 9, 244.

21. Wang, X.; Zhang, M.; Woloshun, R.R.; Yu, Y.; Lee, J.K.; Flores, S.R.; Merlin, D.; Collins, J.F. Oral
administration of ginger-derived lipid nanoparticles and dmt1 sirna potentiates the effect of dietary
iron restriction and mitigates pre-existing iron overload in hamp ko mice. Nutrients 2021, 13,
1686.



Ginger and Iron Deficiency Anaemia | Encyclopedia.pub

https://encyclopedia.pub/entry/31926 12/13

22. Gholampour, F.; Ghiasabadi, F.B.; Owji, S.M.; Vatanparast, J. The protective effect of
hydroalcoholic extract of ginger (Zingiber officinale Rosc.) against iron-induced functional and
histological damages in rat liver and kidney. In Avicenna J. Phytomed.; 2017; 7, pp. 542–553.
Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5745538/ (accessed on 2
September 2022).

23. Golombick, T.; Diamond, T.H.; Manoharan, A.; Ramakrishna, R.; Badmaev, V. Effect of the ginger
derivative, 6-shogaol, on ferritin levels in patients with low to intermediate-1-risk myelodysplastic
syndrome-A small, investigative study. Clin. Med. Insights Blood Disord. 2017, 10, 1–4.

24. El-Refai, A.A.; Ghoniem, G.A.; El-Khateeb, A.Y.; Hassaan, M.M. Eco-friendly synthesis of metal
nanoparticles using ginger and garlic extracts as biocompatible novel antioxidant and
antimicrobial agents. J. Nanostruct. Chem. 2018, 8, 71–81.

25. Kirdat, P.N.; Dandge, P.B.; Hagwane, R.M.; Nikam, A.S.; Mahadik, S.P.; Jirange, S.T. Synthesis
and characterization of ginger (z. officinale) extract mediated iron oxide nanoparticles and its
antibacterial activity. Mater. Today Proc. 2020, 43, 2826–2831.

26. Noor, R.; Yasmin, H.; Ilyas, N.; Nosheen, A.; Hassan, M.N.; Mumtaz, S.; Khan, N.; Ahmad, A.;
Ahmad, P. Comparative analysis of iron oxide nanoparticles synthesized from ginger (Zingiber
officinale) and cumin seeds (Cuminum cyminum) to induce resistance in wheat against drought
stress. Chemosphere 2022, 292, 133201.

27. National Blood Authority Australia. Iron Product Choice and Dose Calculation for Adults: Guidance
for Australian Health Providers (March 2016); National Blood Authority: Canberra, ACT, Australia,
2016.

28. Pasricha, S.R.S.; Flecknoe-Brown, S.C.; Allen, K.J.; Gibson, P.R.; McMahon, L.P.; Olynyk, J.K.;
Roger, S.D.; Savoia, H.F.; Tampi, R.; Thomson, A.R.; et al. Diagnosis and management of iron
deficiency anaemia: A clinical update. Med. J. Aust. 2010, 193, 525–532.

29. Ooi, S.L.; Campbell, R.; Pak, S.C.; Golombick, T.; Manoharan, A.; Ramakrishna, R.; Badmaev, V.;
Schloss, J. Is 6-shogaol an effective phytochemical for patients with lower-risk myelodysplastic
syndrome? A narrative review. Integr. Cancer Ther. 2021, 20, 1–12.

30. Yilmaz, B.; Li, H. Gut microbiota and iron: The crucial actors in health and disease.
Pharmaceuticals 2018, 11, 98.

31. Rusu, I.G.; Suharoschi, R.; Vodnar, D.C.; Pop, C.R.; Socaci, S.A.; Vulturar, R.; Istrati, M.;
Moroșan, I.; Fărcaș, A.C.; Kerezsi, A.D.; et al. Iron supplementation influence on the gut
microbiota and probiotic intake effect in iron deficiency—A literature-based review. Nutrients 2020,
12, 1993.

32. Goodnough, L.T.; Nemeth, E.; Ganz, T. Detection, evaluation, and management of iron-restricted
erythropoiesis. Blood 2010, 116, 4754–4761.



Ginger and Iron Deficiency Anaemia | Encyclopedia.pub

https://encyclopedia.pub/entry/31926 13/13

33. Huang, Q.; Feng, L.; Li, H.; Zheng, L.; Qi, X.; Wang, Y.; Feng, Q.; Liu, Z.; Liu, X.; Lu, L. Jian-Pi-
Bu-Xue-Formula alleviates cyclophosphamide-induced myelosuppression via up-regulating
NRF2/HO1/NQO1 signaling. Front. Pharmacol. 2020, 11, 1302.

34. Lam, C.T.W.; Chan, P.H.; Lee, P.S.C.; Lau, K.M.; Kong, A.Y.Y.; Gong, A.G.W.; Xu, M.L.; Lam,
K.Y.C.; Dong, T.T.X.; Lin, H.; et al. Chemical and biological assessment of Jujube (Ziziphus
jujuba)-containing herbal decoctions: Induction of erythropoietin expression in cultures. J.
Chromatogr. B Anal. Technol. Biomed. Life Sci. 2016, 1026, 254–262.

35. Chan, S.M.; Nelson, E.A.; Leung, S.S.; Cheung, P.C.; Li, C.Y. Special postpartum dietary
practices of Hong Kong Chinese women. Eur. J. Clin. Nutr. 2000, 54, 797–802.

36. Zhang, L.; Gu, F.X.; Chan, J.M.; Wang, A.Z.; Langer, R.S.; Farokhzad, O.C. Nanoparticles in
medicine: Therapeutic applications and developments. Clin. Pharmacol. Ther. 2008, 83, 761–769.

37. Zdrojewicz, Z.; Waracki, M.; Bugaj, B.; Pypno, D.; Cabała, K. Medical applications of
nanotechnology. Adv. Hyg. Exp. Med. 2015, 69, 1196–1204.

38. Saha, P.K.; Saha, L. Iron nanoparticles and its potential application: A literature review. Indian J.
Pharmacol. 2021, 53, 339–340.

39. Kumari, A.; Chauhan, A.K. Iron nanoparticles as a promising compound for food fortification in
iron deficiency anemia: A review. J. Food Sci. Technol. 2021, 59, 1–17.

40. Singh, J.; Dutta, T.; Kim, K.H.; Rawat, M.; Samddar, P.; Kumar, P. ‘Green’ synthesis of metals and
their oxide nanoparticles: Applications for environmental remediation. J. Nanobiotechnol. 2018,
16, 84.

Retrieved from https://encyclopedia.pub/entry/history/show/75039


