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Abstract
Wheatgrass, the young grass of the common wheat plant, has gained significant recognition as a "superfood" and a vital component in traditional and modern medicine. Often referred to as "green blood" due to the high concentration and structural similarity of its chlorophyll to human haemoglobin, wheatgrass is a nutritional powerhouse. This review systematically analyses its rich phytochemical and nutritional composition, including chlorophyll, vitamins, minerals, enzymes, and amino acids, and evaluates the contemporary scientific evidence supporting its purported therapeutic applications. Research indicates promising pharmacological activities such as antioxidant, anti-inflammatory, anti-diabetic, anti-cancer, and cardioprotective effects.4 While small-scale clinical trials and in-vitro/in-vivo studies suggest potential benefits in managing chronic conditions like thalassemia, ulcerative colitis, and various metabolic disorders where clinical trials are necessary to validate these claims and establish standardised clinical recommendations. Wheatgrass—young shoots of Triticum aestivum—has gained attention as a nutrient-dense microgreen and nutraceutical. It contains concentrated vitamins, minerals, chlorophyll, amino acids, and a variety of phytochemicals (phenolics, flavonoids, carotenoids). In vitro, animal, and limited human studies indicate antioxidant, anti-inflammatory, immunomodulatory, hematopoietic and possible adjunctive anticancer effects, while cultivation and processing strongly influence its composition. This review summarises current evidence on composition, mechanisms of action, clinical data and safety, highlights major knowledge gaps, and suggests directions for future research
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Introduction
 Wheatgrass is a nutrient-dense microgreen containing essential vitamins (A, C, E, K, B-complex), minerals (iron, calcium, magnesium, potassium), chlorophyll, amino acids, and bioactive compounds such as phenolic acids, flavonoids, alkaloids, and carotenoids (Bilal et al., 2025; Tamraz et al., 2024). Recent compositional analyses have confirmed high antioxidant capacity and significant levels of polyphenols and chlorophyll, which vary with growth conditions and harvest time (Rodríguez et al., 2022). For instance, the antioxidant and total phenolic content of wheatgrass harvested at 9 days post-germination was found to be significantly higher than at earlier or later stages, highlighting the importance of optimised cultivation timing (Adhikari et al., 2022). Emerging production technologies, such as hydroponic and aquaponic cultivation, have demonstrated further enhancement in nutritional quality. A 2025 study reported that aquaponically grown wheatgrass accumulated high levels of vitamin B6, folic acid (B9), and even vitamin B12, reaching up to 96.5 % of the recommended adult daily intake (Knaus et al., 2025). This finding is particularly relevant given that plant-based sources of B-vitamins, especially B12, are typically limited. Preclinical and limited clinical studies have revealed a wide spectrum of pharmacological properties of wheatgrass extracts—most notably antioxidant, anti-inflammatory, immunomodulatory, hepatoprotective, hematopoietic, and antidiabetic effects (Bangera et al., 2025; Tamraz et al., 2024). These biological activities are primarily attributed to its polyphenolic and chlorophyll-rich composition, which can scavenge reactive oxygen species (ROS), regulate inflammatory cytokines (TNF-α, IL-6), and enhance endogenous antioxidant enzyme activity (Bilal et al., 2025; Barman et al., 2024).  Wheatgrass (Triticum aestivum L.) has gained global attention as a functional food due to its rich nutritional and therapeutic potential (Mishra et al., 2025; Rodríguez et al., 2022; Pototskaya et al., 2022). It contains chlorophyll, vitamins (A, C, and E), minerals, enzymes, and bioactive compounds such as phenolics and flavonoids that possess strong antioxidant and anti-inflammatory properties (Kaur et al., 2022). Environmental factors, especially light quality and soil type, profoundly influence plant metabolism and secondary metabolite production (Zhao et al., 2022).Light acts as both an energy source and a signal regulator that modulates photosynthetic activity and biosynthesis of phenolic compounds. Blue and red light spectra are known to enhance chlorophyll and flavonoid biosynthesis (Al Murad et al., 2021). Similarly, soil characteristics—nutrient content, texture, and organic matter—affect root physiology, nutrient uptake, and metabolic flux, thereby influencing phytochemical accumulation. Despite numerous studies on wheatgrass composition, limited data exist on the combined effects of light spectrum and soil substrate on bioactive compound synthesis. This research aims to fill this gap by conducting a comparative analysis of biochemical and phytochemical profiles in wheatgrass grown under controlled light and soil conditions. Wheatgrass (Triticum aestivum L.) is widely consumed as a functional food and nutraceutical because it concentrates chlorophyll, vitamins (notably vitamin C), minerals, amino acids, and a broad array of phenolic acids and flavonoids that contribute to antioxidant, anti-inflammatory and metabolic-modulating activities (Chakraborty et al., 2023). Processing and preservation methods such as lyophilisation and fluidised-bed drying have been shown to retain substantial bioactivity in wheatgrass products, supporting their use as commercial nutraceutical ingredients (Chakraborty et al., 2023; Wang et al., 2024.
 Light is not merely an energy source for photosynthesis; it is a central environmental cue that regulates secondary metabolism. Blue and red wavelengths act through distinct photoreceptors (cryptochromes, phototropins, phytochromes) to reprogram transcriptional networks controlling phenylpropanoid and flavonoid biosynthesis (Trivellini et al., 2023). Controlled-environment studies show that blue light frequently stimulates accumulation of flavonoids and other phenolics, whereas red light often enhances biomass and can also stimulate particular branches of phenylpropanoid metabolism depending on intensity and duration (Trivellini et al., 2023; Lima et al., 2023). Recent experimental work on wheat and wheat sprouts confirms strong, spectrum-dependent changes in phytochemical profiles. Likewise, Zhang et al. (2022) demonstrated that carefully optimised red-light regimens substantially increased total phenolic content and antioxidant enzyme activities during wheat sprouting, indicating that both intensity and photoperiod interact to determine metabolite outcomes. These studies show that different spectral components (red, blue, UV) and their durations can selectively enhance either biomass or targeted bioactive pools in wheat seedlings and sprouts. LED-based light management has been used successfully across many microgreen and sprout species to steer phytochemical content for improved nutraceutical quality. Reviews and experimental papers from 2020–2024 synthesise this evidence and highlight that mixed red: blue spectra often provide a useful compromise between growth (red) and secondary metabolism (blue). These mechanistic links (e.g., light induction of PAL, 4CL, C4H transcription and enzyme activities) have been repeatedly observed in cereals and sprouts, making spectral control a practical lever for quality optimisation. Beyond its composition, the bioactivity of wheatgrass has drawn attention. Proteomic profiling revealed abundant antioxidative enzymes (e.g., superoxide dismutases, peroxidases) and a marked increase in antioxidant power with seedling age, underscoring its capacity to scavenge free radicals and potentially modulate oxidative-stress pathways. Furthermore, experimental interventions in animals and limited human trials suggest wheatgrass may modulate lipid and glycaemic parameters, reduce inflammation, support haematopoiesis, and provide adjunctive benefit in chronic disease settings. For instance, a randomised controlled trial in hyperlipidaemic South-Asian menopausal women found that 3.5 g per day of freeze-dried wheatgrass for 10 weeks significantly reduced total cholesterol, triglycerides and apolipoprotein B levels.  Yet, important caveats persist: nutrient content varies significantly with cultivation (substrate, age, drying method), extraction/processing form, and study design. For example, one study found freeze-drying better preserved chlorophyll, flavonoids and antioxidant activity compared to oven or shade drying. Moreover, while mechanistic and preclinical data are robust, high-quality large-scale human trials remain sparse, and standardised dosing, safety profiling, and long-term outcomes are still to be clarified. In short, wheatgrass offers a promising blend of nutrient-rich composition and therapeutic potential—but its translation into clinical practice demands rigorous further study
Barman et al. (2024) demonstrated that methanolic extracts of wheatgrass significantly reduced oxidative stress markers, improved steroidogenesis, and suppressed the NF-κB signalling pathway in bisphenol A-exposed rats.  Similarly, clinical investigations suggest potential hematologic benefits, including increased haemoglobin levels and reduced transfusion frequency in thalassemia patients (Bangera et al., 2025). However, larger randomised controlled trials are necessary to validate these outcomes. Recent systematic reviews emphasise that while wheatgrass possesses multiple bioactive properties, standardisation challenges—such as differences in genotype, soil type, growth medium, and extraction method—significantly affect its composition and bioefficacy (Tamraz et al., 2024; Bilal et al., 2025). The growing interest in wheatgrass aligns with the broader trend toward plant-based nutraceuticals and functional foods (Zhang et al., 2022). Nevertheless, despite promising mechanistic and preclinical data, clinical validation remains limited and often constrained by small sample sizes, short durations, and variability in formulations. Given the resurgence of research on wheatgrass as both a nutritional powerhouse and a potential therapeutic adjunct, this review aims to comprehensively synthesise the latest findings (2023–2025) on its nutritional profile, bioactive constituents, cultivation factors, pharmacological effects, and clinical potential. Emphasis is placed on emerging insights into how cultivation conditions and processing influence its chemical composition, as well as a critical evaluation of its biomedical applications and safety profile.

Study Design
This review was designed as a comprehensive narrative and systematic literature review aimed at summarising current scientific knowledge on the nutritional composition, phytochemical profile, cultivation factors, and therapeutic potential of wheatgrass (Triticum aestivum Linn.). The methodology followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure scientific rigour and transparency. Data Synthesis and Analysis. Data synthesis was conducted through thematic and comparative analysis:
Nutritional Composition and Phytochemicals: Data were summarised and compared across cultivation conditions and harvest stages.
Pharmacological Activities: Antioxidant, anti-inflammatory, antimicrobial, and hematopoietic effects were categorised and interpreted.
Clinical Relevance: Human studies were analysed for endpoints such as biochemical markers, antioxidant status, and symptom improvement.
1. Nutritional and Phytochemical Composition
Wheatgrass is a complex matrix of bioactive compounds, contributing to its broad range of potential health benefits.
1.1. Chlorophyll – The "Green Blood"
The most prominent constituent of wheatgrass is chlorophyll, accounting for up to 70% of its total chemical makeup. The molecular structure of chlorophyll is remarkably similar to the heme component of human haemoglobin, differing only in the central metal ion (magnesium in chlorophyll vs. iron in haemoglobin). This structural analogy is hypothesised to be the basis for its traditional use as a blood builder and purifier, promoting oxygen transport and potentially acting as a substitute in deficiency conditions like anaemia and thalassemia. (Coates et al., 2017)
1.2. Vitamins and Minerals
It is a rich source of a wide array of micronutrients, including:
Vitamins: High concentrations of Vitamins A, C, E, K, and a significant presence of B-complex vitamins (including B12, though its bio-availability is debated).
Minerals: Essential minerals such as iron, calcium, magnesium, potassium, zinc, and selenium.
1.3. Enzymes and Amino Acids
Wheatgrass contains an impressive profile of enzymes, notably Superoxide Dismutase (SOD), cytochrome oxidase, and lipase, which contribute to its antioxidant and digestive support.14 Furthermore, it contains approximately 17 amino acids, including most of the essential amino acids, making it a source of high-quality protein.
1.4. Antioxidants and Bioflavonoids
The plant is endowed with potent antioxidants, including carotenoids, phenolic compounds (e.g., phenolic acids), and bioflavonoids (e.g., apigenin, quercetin, luteolin). These compounds are vital in scavenging free radicals, thereby combating oxidative stress. (Lin, D et al., 2016)
2. Pharmacological Activities and Therapeutic Potential
Contemporary research, primarily through in vitro and animal studies, along with limited clinical trials, suggests several pharmacological properties. The therapeutic efficacy of wheatgrass is primarily attributed to its high content of biologically active molecules, particularly chlorophyll, flavonoids, phenolic acids, and specific enzymes.2 Research suggests its utility in chronic disease management and supportive care, categorised into the following core mechanisms:
2.1. Antioxidant and Free Radical Scavenging Activity
Evidence:
· In Vitro/In Vivo: Studies consistently demonstrate the ability of wheatgrass extracts to scavenge various free radicals, including protecting cellular components from oxidative damage.
· Clinical Relevance: This foundational activity is crucial in combating oxidative stress, a central mechanism underlying ageing and numerous chronic diseases (e.g., cardiovascular disease, neurodegeneration).
2.2. Anti-inflammatory Effects
· Mechanism: The anti-inflammatory action is mediated by chlorophyll and polyphenols, which may modulate the pro-inflammatory cytokine enzyme pathway, similar to some conventional anti-inflammatory drugs.
· Evidence:
· In Vivo: Animal models of induced inflammation (e.g., paw oedema) show reduced inflammatory markers and tissue damage following wheatgrass administration.
· Clinical Application: Wheatgrass is frequently studied as an adjuvant therapy in inflammatory bowel diseases (IBD).11 Clinical trials have reported that consumption of fresh wheatgrass juice daily significantly reduced the disease activity index and rectal bleeding in patients with active ulcerative colitis, requiring fewer pharmaceutical interventions.( Ke et al., 2012)
2.3. Chemoprotective and Anti-Cancer Activity
· Mechanism: Proposed mechanisms include induction of apoptosis (programmed cell death) in cancer lines, inhibition of cell proliferation, and the protective effects of its high content against DNA damage caused by carcinogens.
· Evidence:
· In Vitro: Wheatgrass extracts have demonstrated cytotoxic effects against various human cancer cell lines, including oral, colon, breast, and leukaemia cells, often attributed to specific phenolic and flavonoid compounds.
· Supportive Care (Clinical): Its most promising role is as a supportive agent during cancer treatment. Clinical studies in breast cancer patients undergoing chemotherapy have indicated that wheatgrass juice may help reduce the haematological toxicity (myelosuppression) associated with chemotherapy, particularly protecting against leukopenia, without interfering with the treatment's efficacy. (Bar-sela et al 2007)
2.4. Haematological and Blood-Building Effects
· Mechanism: This is the traditional and most recognised therapeutic application, linked directly to the structural similarity between chlorophyll and haemoglobin. Chlorophyll is proposed to act as a precursor or stimulant for red blood cell production.
· Evidence:
· Clinical Trials (Thalassemia): Multiple studies, particularly in patients with thalassemia major, have shown that daily consumption of wheatgrass juice significantly reduces the requirement for blood transfusions, potentially by increasing functional haemoglobin levels and reducing the rate of hemolysis.17
· Anaemia: It is widely investigated as a natural supplement for improving haemoglobin and red blood cell counts in various forms of anaemia.
2.5. Metabolic and Cardioprotective Effects
· Mechanism: Wheatgrass can favourably modulate lipid and glucose metabolism, primarily through its fibre, chlorophyll, and antioxidant content, which inhibit lipid peroxidation and reduce the absorption of cholesterol.
· Evidence:
· In Vivo: Animal models of hyperlipidaemia and diabetes show that wheatgrass supplementation can lower total cholesterol, LDL-cholesterol, and triglyceride levels, and simultaneously improve blood glucose control and insulin sensitivity.
· Human Studies: Limited human trials indicate its potential role in lowering blood glucose and lipid markers in Type 2 Diabetes Mellitus, although more large-scale studies are needed to confirm dosage and long-term efficacy.
2.6. Detoxification and Liver Protection
· Mechanism: Wheatgrass is hypothesised to stimulate the body’s natural detoxification pathways, primarily in the liver. It helps neutralise toxins and environmental pollutants through its high content of enzymes and ability to neutralise. Evidence:
· In Vivo: Studies have shown that wheatgrass can protect the liver from chemical-induced toxicity, reduce damage, and improve markers of liver function 
3. Clinical Relevance
The clinical utility of wheatgrass is best supported by its use as an adjunctive therapy in managing chronic conditions where anti-inflammatory and blood-building properties are beneficial.
3.1. Haematological Disorders (Anaemia, and Thalassemia)
The most compelling clinical evidence for wheatgrass lies in its ability to influence red blood cell parameters, often attributed to the structural similarity between chlorophyll and haemoglobin.
· Beta-Thalassemia Major:
· Clinical Finding: Several human clinical studies, particularly on children and adolescents with beta-thalassemia major (a genetic blood disorder requiring frequent transfusions), demonstrated that oral consumption of fresh wheatgrass juice can reduce the need for blood transfusions.
· Relevance: By either increasing the functional haemoglobin level or reducing the rate of haemolysis (red blood cell destruction), wheatgrass acts as a natural supplement that can improve the quality of life and decrease the burden and risks associated with repeated transfusions (like iron overload).
· Anaemia: As a rich source of (which aids iron absorption), wheatgrass is clinically relevant as a complementary dietary intervention for managing various forms of anaemia
3.2. Inflammatory Bowel Disease (IBD)
Wheatgrass's anti-inflammatory and antioxidant properties make it a viable, non-toxic complementary agent for conditions involving chronic gut inflammation, notably Ulcerative Colitis.
Ulcerative Colitis (UC):
· Clinical Finding: A prominent {randomised, double-blind, placebo-controlled trial} showed that patients with active distal of wheatgrass juice daily for one month experienced a significant reduction in disease activity index and rectal bleeding, compared to the placebo group.
· Relevance: This suggests that the potent antioxidants and anti-inflammatory compounds in wheatgrass can exert local therapeutic effects on the inflamed colonic mucosa, helping to induce remission or reduce symptom severity when used alongside standard treatments.
3.3. Supportive Care in Oncology (Chemotherapy)
Wheatgrass has been clinically investigated for its potential to mitigate the negative side effects of conventional cancer treatments.
· Mitigation of Myelotoxicity:
· Clinical Finding: Studies involving breast cancer patients undergoing chemotherapy (5-fluorouracil, Adriamycin, and cyclophosphamide) suggested that daily wheatgrass consumption helped to reduce the incidence of chemotherapy-induced myelotoxicity (bone marrow suppression), particularly reducing the risk of neutropenia
· Relevance: This supports its use in supportive care, where minimising chemotherapy-related toxicity allows patients to better adhere to their treatment schedule and maintain a stronger immune system, leading to better overall outcomes.
3.4. Metabolic and Cardiovascular Risk Factors
Emerging human studies point to its role in managing systemic metabolic markers relevant to chronic disease prevention.
· Hyperlipidaemia (High Cholesterol): Preliminary clinical observations have indicated that wheatgrass consumption may lead to a reduction in total cholesterol and Low-Density Lipoprotein (LDL) cholesterol levels in hypercholesterolemic patients, likely due to its antioxidant content and possible interference with intestinal cholesterol absorption.
· Type 2 Diabetes Mellitus: While evidence is less definitive, some research suggests that the fibre and complex bioactive compounds may aid in modulating blood glucose levels and improving lipid profiles, positioning it as a potentially relevant dietary supplement for metabolic syndrome patients.
Discussion: 
The presence of chlorophyll, vitamins (C and E), and various flavonoids underpins its significant antioxidant capacity. Studies have shown that wheatgrass extracts can effectively inhibit the production of reactive oxygen species (ROS) and downregulate pro-inflammatory markers, suggesting a therapeutic role in managing chronic inflammation and oxidative stress-related diseases. In vitro studies have demonstrated that wheatgrass extracts can inhibit the proliferation and induce apoptosis (programmed cell death) in various cancer cell lines, including oral squamous cell carcinoma, colon cancer, and leukaemia. Clinical studies, while preliminary, suggest that wheatgrass may be beneficial as an adjunctive therapy during chemotherapy, potentially attenuating chemotherapy-related side effects, particularly myelotoxicity (reduction in blood cell production). The most compelling clinical evidence relates to its use in haematological disorders. Studies on patients with beta-thalassemia major have indicated that regular consumption of wheatgrass juice may significantly reduce the frequency of blood transfusions required, attributed to its chlorophyll structure and high iron and folic acid content. Furthermore, it has been shown to improve haemoglobin levels in anaemic individuals. Animal models and some traditional applications suggest anti-diabetic activity, potentially by raising insulin levels and lowering blood glucose, though more human data is needed. Studies, primarily in animals, have reported that wheatgrass juice can help lower total cholesterol, LDL-cholesterol (bad cholesterol), and triglyceride levels while increasing HDL-cholesterol (good cholesterol).
Traditional and preliminary studies suggest a role in detoxification, colon cleansing, and promoting healthy digestion.25 A small clinical trial found that wheatgrass juice was beneficial in reducing disease activity and rectal bleeding in patients with active Ulcerative Colitis (UC), a form of inflammatory bowel disease, likely due to its anti-inflammatory properties.
Conclusion and Future Directions
Wheatgrass is undeniably a nutrient-dense botanical with a substantial profile of bioactive compounds, lending credence to its reputation as a potent nutraceutical.27 The scientific literature supports its antioxidant and anti-inflammatory roles and suggests promising applications in haematological disorders and as a supportive agent in cancer therapy and chronic inflammatory conditions like Ulcerative Colitis.28 Wheatgrass is a nutrient-dense microgreen with consistent preclinical evidence for antioxidant and anti-inflammatory activity, and preliminary clinical signals for supportive oncology care and hematologic benefits. However, variable composition and limited standardised clinical trials prevent strong therapeutic claims. The most valuable next steps are well-powered, standardised RCTs and efforts to develop consensus markers for product characterisation. Wheatgrass is a nutrient-dense microgreen with consistent preclinical evidence for antioxidant and anti-inflammatory activity, and preliminary clinical signals for supportive oncology care and hematologic benefits. However, variable composition and limited standardised clinical trials prevent strong therapeutic claims. The most valuable next steps are well-powered, standardised RCTs and efforts to develop consensus markers for product characterisation. The findings from recent investigations collectively underscore that Triticum aestivum L. (wheatgrass) represents a promising functional food with diverse nutritional and therapeutic applications. Its rich composition of vitamins (A, C, E, K, and B complex), minerals, chlorophyll, amino acids, and bioactive compounds such as flavonoids, phenolic acids, and enzymes (e.g., superoxide dismutase and catalase) contributes to its potent antioxidant and anti-inflammatory potential. These compounds act synergistically to neutralise free radicals, reduce oxidative stress, and modulate cellular pathways associated with chronic disease prevention. Several experimental and limited clinical studies have highlighted wheatgrass’s ability to regulate lipid metabolism, improve haemoglobin levels, enhance detoxification, and exhibit cytoprotective and anticancer effects. The observed hypoglycaemic and hypolipidemic properties, along with its capacity to support haematopoiesis, make wheatgrass particularly beneficial for metabolic and hematologic disorders. Despite these promising results, heterogeneity in study methodologies, variations in cultivation and processing, and inconsistencies in dosage forms limit the generalizability of findings. Many studies rely on small sample sizes or animal models, which, while valuable for mechanistic insights, cannot fully represent human physiological responses. Additionally, the bioavailability and stability of wheatgrass’s phytochemicals remain areas requiring deeper investigation. Standardisation of extraction methods, storage conditions, and dosage is crucial for establishing reproducible outcomes.
In conclusion, wheatgrass stands as a potent source of essential nutrients and therapeutic phytochemicals that can be harnessed for promoting health and managing disease. Its antioxidant, anti-inflammatory, and metabolic regulatory effects provide a strong foundation for its inclusion in preventive and complementary medicine. However, to substantiate its clinical efficacy and safety, future research should emphasise well-designed randomised controlled trials, standardised preparations, and mechanistic studies that elucidate the molecular interactions of its bioactive constituents. With such scientific validation, wheatgrass could evolve from a traditional health supplement into a scientifically endorsed nutraceutical
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