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Abstract. Wheatgrass (WG) is a food derived from the plant Triticum aestivum
and is considered a powerful health food with various benefits for human health.
Due to its high concentration of essential nutrients, including chlorophyll and a
wide range of minerals, it has become a superfood. This review explores the
nutritional benefits of WG, focusing on its rich chlorophyll content, a green
pigment with detoxifying and antioxidant properties, and its significant levels of
minerals such as calcium (Ca), magnesium (Mg), cooper (Cu), zinc (Zn),
phosphorus (P), manganese (Mn), selenium (Se), potassium (K), and iron (Fe).
Chlorophyll is known for its ability to enhance oxygen transport in the body,
support liver detoxification, and promote cellular health. The mineral
composition of WG contributes to bone health, muscle function, and electrolyte
balance. Moreover, WG is valued for its role in boosting immunity, increasing
energy levels, and improving digestion. The synergy between chlorophyll and
essential minerals makes WG a valuable nutritional supplement, supporting
metabolic processes and overall well-being. This review highlights the potential
health benefits of WG as a nutrient-dense natural food, with a promising role in
disease prevention and health promotion.
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1. INTRODUCTION

Wheatgrass (Triticum aestivum) represents the young shoots of the wheat
plant, being appreciated both for its nutritional value and its beneficial effects on
health. Known for its rich composition of bioactive substances, including a wide
range of minerals and vitamins, WG has been used as a traditional medicine and is
highly valued for its therapeutic and nutritional properties [1-3]. The nutritional
composition of WG is influenced by numerous factors, including production
methods, growth period, pH, genetics, environmental conditions, cultivation
methods, light intensity, temperature, type of light exposure, and minerals
absorbed by the plant through its roots, which can affect the concentrations of
nutrients and active compounds [4-6]. It has been found that WG contains
approximately 297 proteins, most of which are involved in disease prevention,
reducing oxidative stress (OS), energy storage, and primary metabolism [7].
Additionally, WG is an important source of chlorophyll, a pigment that
contributes to its antioxidant and detoxifying effects [6]. Along with chlorophyll,
flavonoids have been identified, known for their antioxidant role in preventing OS
[8]. Due to its powerful combination of bioactive compounds, WG is considered a
functional food, sometimes referred to as "green blood” due to the chemical
similarity between chlorophyll and hemoglobin (Hgb) [9].

In recent years, more research has demonstrated the importance of WG
consumption through its positive impact on human health [6,10]. WG can be
consumed in the form of fresh juice, frozen juice, powder, or tablets [11]. Studies
have shown that WG helps in treating various conditions such as periodontitis
[12], aids in treating cancer patients [9,13], is effective in ulcerative colitis [10],
bronchial disorders [14], and rheumatoid arthritis [15]. Juvenile WG has been
effective in reducing blood glucose levels in diabetic rats [16,17]. Furthermore,
due to its high antioxidant content, WG is considered an alternative medicine for
cancer [18]. Phenolic compounds and flavonoids contribute to antioxidant activity,
being known for their redox potential, which serve as hydrogen donors and
reducing agents [2].

The body has several mechanisms to combat OS by producing antioxidants,
either naturally in situ or through food. Plant-based antioxidants are known for
their ability to reduce oxidative damage by neutralizing free radicals, thus offering
increased protection against toxic effects, and preventing conditions such as
cancer and coronary diseases. A deficiency of antioxidants is one of the many
causes of chronic and degenerative pathologies. Dietary antioxidants assist
endogenous antioxidants in neutralizing OS, with each nutrient being unique in its
antioxidant structure and function [19-22]. WG extract can reduce cell death,
inhibit metastasis in oral cancer, protect bone marrow function in chemotherapy
patients, and improve enzymes regulating blood glucose and cholesterol levels
[9,16,17,23]. Moreover, research indicates that the chlorophyll present in WG may
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have cancer-preventive properties by binding to carcinogenic compounds and
suppressing their metabolic function, and the detoxifying properties of chlorophyll
help neutralize free radicals and reduce inflammation [24—26].

The aim of this review is to evaluate and synthesize existing scientific
evidence regarding the nutritional benefits of chlorophyll and mineral elements in
WG. Specifically, the review will explore the role of chlorophyll, analyzing its
potential to offer health benefits. We will also correlate the effects of mineral
elements on various physiological functions, providing a synthesis of existing
research on the therapeutic benefits of WG for human health.

2. NUTRITIONAL COMPOSITION OF WHEATGRASS

Through germination, wheat grains significantly improve their nutritional
value, increasing the content of phytochemical compounds and amplifying
antioxidant activity. This process begins with exposing the grains to moisture for
approximately 36 hours, which triggers germination [27]. Within 6 to 15 days,
wheat sprouts appear, which are subsequently harvested and processed to obtain a
green juice known for its low acidity and recognized for its multiple health
benefits, including the ability to strengthen the immune system and provide a
concentrated source of nutrients [27].

Moreover, WG accounts for nearly half of the global caloric intake, being rich
in proteins, such as gluten, vitamins, minerals, and dietary fibers [28]. It also
contains a considerable amount of reducing sugars, total sugars, carbohydrates,
fats, and crude fibers [11]. Due to its complex composition rich in essential and
bioactive nutrients (Figure 1), WG represents an important source of beneficial
compounds for health. Specifically, it contains a wide range of minerals, vitamins,
flavonoids, phenols, amino acids, and chlorophyll [5,9,11,25,29-32].

+ Vitamins A, C, E, Kand B complex vitamins

(B1, B2, B3 and B6)
\w
= * Ferulic acid, caffeic acid,
Lhclg;gf:)h);:l ;;nd Phenol chlorogenic acid, vanillic acid,
PY. acids gallic acid
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* Quercitin, kaempferol, o
apigenin, catechins, compounds Ca, Mg K, Fe, Zn, I,
rutin Mn, Cu, Se
\
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Figure 1. The main bioactive and nutritional components of wheatgrass
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3.THE BENEFITS OF MINERAL ELEMENTS ON GENERAL HEALTH

WG has attracted attention for its potential health benefits, particularly in the
areas of cancer prevention and general well-being. Rich in vitamins, minerals, and
antioxidants, WG is increasingly recognized for its role in supporting immune
function, promoting cellular health, and reducing OS by preventing oxidative
DNA damage [33] (Table 1).

Minerals such as Cu, Mg, Zn, P, K, Ca, Mn, Se, and Fe are particularly
important for the normal functioning of the body [25,34]. Cooper contributes to
the formation of red blood cells and bone health, Mg engages in hundreds of
biochemical reactions, including blood sugar and blood pressure regulation, while
zinc supports immune function and wound healing [34]. Phosphorus is essential
for the formation and maintenance of healthy bones and teeth, while Fe plays a
crucial role in transporting oxygen in the body, helping to prevent anemia and
supporting energy levels [34]. Ca provided by WG is beneficial for those who do
not consume dairy products. Other vital minerals include Mg, which contributes
to overall health, and Se, known for its antioxidant properties and importance in
thyroid function [25,30,32,34,35].

Tabel 1. The main constituents of wheatgrass: antioxidants, minerals, amino
acids, and chlorophyl

Types Phytocompounds Effects References

Antioxidants Vitamin A Contributes to immune [25]
function and skin health, also
acting as an antioxidant.

Vitamin C Helps protect cells from
damage caused by free radicals
and supports the immune

system.
Vitamin E Plays a role in protecting cell
membranes and preventing OS.
Minerals Fe Helping to prevent anemia and [25,30-32]
support overall energy levels.
Ca WG provides a source of Ca,

beneficial for those who may
not consume dairy.

Mg WG contributes to Mg intake.
Se An antioxidant that plays a role
in protecting cells from
oxidative damage. It is also
important for thyroid function
and immune system health.
Zn Vital for immune function, [25,30]
wound healing, and DNA
synthesis.
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P Important for energy [32]
production and bone health, P
works closely with Ca to
maintain strong bones and
teeth.

K Crucial for maintaining fluid [25,30,32]
balance, K helps regulate blood
pressure and supports proper
muscle and nerve function. WG
offers a plant-based source of K.
Mn This mineral engages in bone
formation, blood sugar control,
and antioxidant defense

systems.
Essential Histidine Is crucial for the synthesis of [30,36]
Amino Acids histamine, a neurotransmitter

involved in immune responses

and regulating stomach acid. It

also plays a role in maintaining

the myelin sheath that protects
nerve cells.

Leucine Is vital for protein synthesis
and muscle repair. Leucine also
helps regulate blood sugar
levels by promoting insulin
secretion and is important for
energy production during
exercise.

Lysine Is essential for protein
synthesis and plays a key role
in Ca absorption and collagen
formation. It also supports
immune function and has been
linked to improved recovery
from stress and illness.

Methionine Is important for the synthesis of [30,36,37]
proteins and other amino acids.
It acts as an antioxidant by
helping to detoxify harmful
substances in the liver and
supports the regeneration of
kidney and liver cells.

Phenylalanine Is a precursor to [30,36]
neurotransmitters such as
dopamine, norepinephrine, and
epinephrine. It plays a
significant role in mood
regulation and cognitive
function.
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Threonine

Is important for protein
synthesis, immune function,
and digestive health. It aids in
the production of antibodies
and supports gut health by
maintaining the integrity of the
intestinal lining.

Valine

Is involved in muscle
metabolism and tissue repair. It
helps stimulate muscle growth

and regeneration while also
providing energy during
physical activity.

[30,36,37]

Non —
Essential
Amino acids

Alanine

Engages in energy production
and the metabolism of glucose.
It helps convert ammonia into
urea for excretion, thereby
aiding in detoxification.

[30,36]

Arginine

Is crucial to produce NO,
which helps improve blood
flow and supports
cardiovascular health. It also
plays a role in immune function
and hormone regulation.

[30,36,37]

Aspartic acid

Is important for energy
production and the synthesis of
other amino acids. It helps in
the urea cycle, which removes
ammonia from the body.

[30,36]

Cysteine

Is a precursor to glutathione,
one of the body’s most potent
antioxidants. It plays a role in

detoxification and supports

immune function.

Glutamic acid

It serves as a neurotransmitter
in the brain and is involved in
cognitive functions such as
learning and memory. It also
plays a role in protein synthesis
and energy metabolism.

[36]

Glycine

Engages in the synthesis of
proteins and collagen,
supporting skin and joint
health. It also acts as an
inhibitory neurotransmitter in
the CNS.

[30]

24
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Proline

Is essential for collagen
production, which is important
for skin elasticity and joint
health. It also aids in wound
healing and tissue repair.

Serine

Is important for protein
synthesis and participates in the
production of
neurotransmitters. It also plays
a role in metabolic processes
related to fats and
carbohydrates.

Tyrosine

Is a precursor to several
important neurotransmitters,
including dopamine,
norepinephrine, and
epinephrine. It supports
cognitive function and mood
regulation.

[30,36]

Chlorophyli

It detoxifies, neutralizes free
radicals, reduces inflammation,
and may help prevent cancer by

suppressing carcinogenic
compounds.

[24,25,32,38]

Flavonoids

Catechin

It plays several important roles
in health and disease
prevention due to its

antioxidant properties and other
biological activities.

[32,35,39 41]

Rutin

Improves blood circulation,
reduces inflammation, and may
prevent blood clots. Neutralizes

free radicals, lowering
oxidative stress and protecting
against neurodegenerative
diseases like AD.

[32,42-44]

Vitexin

It acts as a powerful
antioxidant, neutralizing free
radicals and reducing OS
linked to aging and diseases.
Vitexin has anti-inflammatory
properties, supports
cardiovascular health, and
provides neuroprotective
effects.

[32,39,42,43,45,46]

Isovitexin

It offers antioxidant activity,
neuroprotective and anti-

[32,45,47]
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inflammatory effects, potential
anti-cancer benefits, and
supports metabolic health.
Quercetin Antioxidant activity and [32]
neuroprotective effects.
Kaempferol Antioxidant activity and
neuroprotective effects.

Phenolic Ferulic acid Antioxidant activity, anti- [32,48]

acids inflammatory effects, and
cardiovascular protection
Syringic acid Antioxidant and anti- [32,48-50]
inflammatory properties

AD — Alzheimer disease; Ca — calcium; CNS - central nervous system; Fe — iron; K —
potassium; Mg — magnesium; Mn — manganese; NO — nitric oxide; P — phosphorus; OS — oxidative
stress; Se — selenium; WG — wheatgrass, Zn — zinc.

Vitamins A, C, E, K, and those from the B complex play a crucial role in
maintaining overall health. Vitamin C, also known as ascorbic acid, is a powerful
antioxidant that stimulates the immune system and contributes to the biosynthesis
of collagen, neurotransmitters, and carnitine [51]. The positive effect of vitamin C
on health includes a decrease in the incidence of stomach cancer, as well as the
prevention of lung cancer. However, when consumed in excessive amounts, it can
have pro-oxidant and anticancer properties [52]. Fresh fruits and vegetables are
essential sources of vitamin C, as this labile molecule can be lost during cooking
[53]. Vitamin A contributes to immune function and skin health, while also acting
as an antioxidant [25], and vitamin K plays a significant role in blood coagulation
[25,54]. Vitamin E is known for its protection against damage caused by free
radicals, while the B complex (B1, B2, B3, B6, B12, folic acid) is vital for energy
metabolism, nervous system health, and the production of red blood cells [25,54].

Flavonoids, such as quercetin, rutin, kaempferol, apigenin, and catechins, are
antioxidant compounds that play a key role in protecting the body against OS
[52]. Catechin is notable for its antioxidant properties and biological activities that
help prevent diseases. Rutin, another flavonoid found in WG, improves blood
circulation, and reduces inflammation, potentially benefiting conditions such as
arthritis [42,44]. They contribute to the neutralization of free radicals, reducing
inflammation and protecting cells from oxidative damage that can lead to
premature aging or chronic diseases such as cardiovascular diseases and cancer
[32,40,42]. Phenolic compounds, another group of antioxidant compounds, have
anti-inflammatory and anticancer properties, contributing to the prevention of
degenerative diseases. They act by neutralizing free radicals and reducing OS
[32]. In WG, two types of phenolic compounds have been identified: free/soluble
phenolic compounds that reduce the oxidation of low-density lipoproteins and
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bound/insoluble phenolic compounds known for their potential to prevent
colorectal cancer [27,32].

Moreover, WG is a rich source of amino acids that play critical roles in
various bodily functions [11]. Essential amino acids, such as histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine, are
vital for tissue development and repair, enzyme and hormone production, and
proper immune system function. These amino acids cannot be synthesized by the
body, so they must be obtained through diet. For example, lysine is essential for
collagen synthesis, immune function, and calcium absorption [30,36], leucine is
vital for protein synthesis and muscle repair, and tryptophan is a precursor of
serotonin, the hormone that regulates mood and sleep [30,36]. Non-essential
amino acids, such as alanine, asparagine, aspartic acid, glutamic acid, glutamine,
glycine, proline, serine, and tyrosine, also play critical roles in various metabolic
functions, even though the body can produce them naturally. Glutamine, for
instance, is important for maintaining intestinal function and supporting the
immune system [30,36], while arginine contributes to cardiovascular health by
improving blood flow through nitric oxide production [30,36,37]).

Chlorophyll and Carotenoids

An especially important aspect of WG is its pigments, which are known for
their powerful antioxidant properties [27,55]. Among these, chlorophyll plays a
significant role [56], and the leaves of WG are considered one of the richest
natural sources of chlorophyll [27,55]. Chlorophylls are the most abundant
pigments on Earth that play a crucial role in photosynthesis and are found
abundantly in green fruits and vegetables that are an integral part of our diet.
These bioactive molecules exhibit a wide range of beneficial effects, including
antioxidant, antigenotoxic, antimutagenic, antiobesity, and anticancer activities
[56]. Chlorophyll is a complex molecule consisting of a porphyrin ring, a Mg ion,
and a hydrocarbon part. The porphyrin ring functions to absorb light energy, while
Mg acts as an electron acceptor [57]. Chlorophyll, both in its a and b forms, plays
a significant role in detoxifying the body and supporting overall health.
Chlorophyll acts as a powerful antioxidant and helps eliminate toxins while also
contributing to cell regeneration and maintaining blood health [24,25,32,38].
Chlorophyll a is the most common form of chlorophyll found in plants, playing a
role in light absorption [58]. Chlorophyll b also has an important role in
photosynthesis, but its main function is to protect chlorophyll a from excess light
[58]. The ratio of these predominant pigments varies significantly depending on
environmental conditions, species, and maturity stage [59,60].

Wheatgrass juice (WGJ) is recognized for its high chlorophyll content
[27,55], which has a chemical structure like that of Hgb in human blood,
explaining why it is believed to help increase Hgb levels in the body [55]. The
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central atom of Hgb is Fe, while in chlorophyll, it is Mg [61]. Both pure
chlorophyll and its metal-chlorophyll derivatives exhibit antioxidant properties,
protecting the body against OS and cellular damage, as well as anti-inflammatory,
antimutagenic, and mutagenic activities [8]. These properties make it a valuable
supplement for maintaining overall health.

Another important class of natural pigments are carotenoids, which are
recognized for their powerful antioxidant properties and potential benefits in
preventing certain types of cancer. These compounds, which include B-carotene,
lutein, lycopene, and zeaxanthin, are responsible for the red, yellow, and orange
coloring of many fruits and vegetables [27]. B-carotene is a powerful, fat-soluble
antioxidant known for its ability to neutralize singlet oxygen, a reactive form of
oxygen that can cause cellular damage [52]. This carotenoid plays a key role in
protecting cells against OS, thus contributing to overall health. However, studies
have highlighted that high-dose B-carotene supplementation can have negative
health effects. For example, supplementation with 20 mg of 3-carotene daily for 5
to 8 years has been associated with an increased risk of developing prostate and
lung cancer in certain groups of people. These adverse effects have been observed
particularly among smokers, where doses of 20-30 mg of B-carotene per day have
been correlated with increased cardiovascular mortality. This suggests that, in the
context of artificial supplementation, f-carotene may have a paradoxical effect,
promoting the development of diseases instead of protecting the body [19,52].

However, it is important to emphasize that these risks do not apply to
individuals who obtain p-carotene from natural food sources rich in this
carotenoid. Consuming fruits and vegetables, such as carrots, as well as leafy
green plants, provides -carotene in a more balanced and safe form, along with
other nutrients that can counteract negative effects. Thus, in the context of a
balanced diet rich in natural foods, -carotene maintains its beneficial effects
without presenting health risks [19,52].

Chlorophyll and carotenoids are intricately linked to phenolic compounds and
the antioxidant capacity of plants, thereby contributing to numerous health
benefits. These pigments not only play an essential role in photosynthesis but also
in protecting the human body against clinical conditions and chronic diseases,
such as hemolytic anemia, cancer, cardiovascular diseases, and skin diseases [62].
These colored compounds perform vital functions in photosynthesis and also in
protecting cells against OS. Chlorophylls, along with other porphyrins
(tetrapyrroles), such as cytochromes, participate in redox reactions in various
biological systems. These redox reactions are essential for energy production
processes and cellular metabolism. Thus, chlorophyll and carotenoids not only
contribute to plant health but also to human health through their potent antioxidant
and anti-inflammatory properties [63].
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It is noteworthy that phenolic compounds, including plant flavonoids, play a
key role in neutralizing free radicals. These compounds exhibit various
antioxidant properties, which are responsible for their therapeutic uses in treating
various conditions [64]. During the germination process, WG becomes a rich
source of bioactive substances, such as amino acids, minerals, vitamins, and
chlorophyll. Among these, gamma-aminobutyric acid, an essential indicator, and
alpha-linolenic acid have been analyzed based on previous study results [65].

WG extracts can be used as dietary supplements due to their high content of
antioxidants, such as polyphenols and flavonoids, which are extracted either in
water or in ethanol [64]. The antioxidant activity of these extracts has been
demonstrated by their ability to neutralize primary and secondary free radicals, as
well as by the protection they offer to cell membranes against oxidative damage
caused by these radicals.

Table 2 highlights a wide range of studies investigating the pharmacological
effects of WG in various forms and doses on health. This research suggests that
WG has significant therapeutic potential in managing conditions such as
hyperlipidemia, ulcerative colitis, cancer, and diabetes. Additionally, the
consumption of WGJ may contribute to meeting the daily mineral requirements,
with 100 ml providing 5-7% of the Mg requirement, 10% of the sodium
requirement, and over 60% of the Ca requirement [66].

Table 2. Pharmacological effects of wheatgrass: experimental studies

Form of Experime | Pharmac | Administ Time Effects Referenc
WG ntal ological rated es
model effect
WG cell Cytotoxic 175+ 24,48 The optimal effect [67]
andanti- | 11,125 and 72 occurred after 48
proliferati | +0.3, and hours hours, with WG
veeffect | 16+05 reducing viable cells
pg/ml by 13.5% at 24 hours,
47.1% at 48 hours,
and 64.9% at 72
hours.
WGJ rats Hypolipi | 5and10 | 14days | Significant decline in [68]
demic mil/kg TC, TG, LDL-C and
effect VLDL-C
patients | Treatmen 100 cc 1 month | Significant reductions [10]
tof UC were observed in the
overall disease
activity index and in
the severity of rectal
bleeding.
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Anticanc 60 cc orally WGJ taken during [30]
erigen daily FAC chemotherapy
effect during may reduce
the first myelotoxicity.
three
cycles of
chemoth
erapy
Anticanc 60 cc 5-6 WG has the potential [69]
er activity WGJ month to mitigate various
daily chemotherapy-
induced damages and
does not cause

adverse effects like
chemical drugs.

WG rabbits Hypolipi 2 glday 10 WG supplementation [70]
powder demic weeks with a high-fat diet
effect improved lipid levels,

reduced MDA, and
increased GSH and
vitamin C, indicating
its beneficial role in

managing
hyperlipidemia and
Os.
WG rats Neuropro | fluoxetine | 5weeks | Fluoxetineand WG [71]
powder + tective (10 improve aluminum-
fluoxetine effect mg/kg) induced AD in rats,
with their
and WG combination showing
(100 greater efficacy than
mg/kg). fluoxetine alone.
ethanolic cells Anticanc 156 48 hours | WG exhibited dose- [13]
extract and er activity pg/ml dependent anticancer
commercial activity on KB cells,
powder WG indicating its
anticarcinogenic
potential in animals.
ethanolic rats Antidiabe | 100mg/k | 30days | The ethanol extract of [16]
extracts tic g body WG can control
WG activity weight blood glucose levels
in diabetes.
WG- mice Antiinfla 100 or 2 days WG-derived [72]
derived mmatory, 200 polysaccharide
polysaccha anti- mg/kg inhibited LPS
ride oxidative daily induced pro-
and anti- inflammatory
apoptotic cytokines and
effects improved liver

oxidative status.
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cc - cubic centimeters; FAC - fluorouracil, doxorubicin, and cyclophosphamide; GSH -
glutathione; LDL-C - low density lipoprotein-cholesterol; LPS — lipopolysaccharide; MDA —
malondialdehyde; OS — oxidative stress; TC - total cholesterol; TG - triglycerides; UC - ulcerative
colitis; VLDL-C - very low-density lipoprotein-cholesterol; WG — wheatgrass; WGJ — wheatgrass
juice; WGP - wheatgrass-derived polysaccharide.

A study shows that green wheat has cytotoxic and anti-proliferative effects on
cells. Doses of 17.5, 12.5, and 16 pg/ml were evaluated over periods of 24, 48,
and 72 hours, with the optimal effect observed after 48 hours. At this point, the
number of viable cells was reduced by 47.1%, indicating that green wheat may
play a role in inhibiting the growth of cancer cells [67]. Green WGJ form has also
been studied for its hypolipidemic effects on rats [68]. Administered at doses of 5
ml/kg and 10 ml/kg for 14 days, the juice significantly reduced levels of total
cholesterol, triglycerides, low-density lipoproteins, and very low-density
lipoproteins in hyperlipidemic rats, suggesting important potential in reducing the
risk of cardiovascular diseases [68].

In another study, WGJ was administered to patients with ulcerative colitis.
They received 100 cc of juice daily for one month, and the results showed a
significant reduction in the overall disease activity index and the severity of rectal
bleeding. This study suggests that WGJ may have a beneficial effect in treating
inflammatory bowel diseases [10]. WGJ has also been investigated for its
anticancer effects, particularly in patients undergoing chemotherapy. Administered
daily, 60 cc of WGJ during the first three cycles of chemotherapy reduced
myelotoxicity, meaning a decrease in toxicity to the bone marrow. This suggests
that green wheat may have a protective role during aggressive cancer treatments
[30].

Avisar et al. (2020) demonstrated that long-term administration of 60 cc of
juice daily over a period of 5-6 months showed that WGJ could mitigate the
negative effects of chemotherapy, without adverse effects comparable to those of
chemical drugs. This underscores the potential of green wheat as a natural adjunct
in cancer treatment [69]. In animal studies, green wheat in powder form showed
hypolipidemic effects in rabbits [70]. Administered at a dose of 2 g/day for 10
weeks, it improved cholesterol levels, increased HDL-C (good cholesterol), and
significantly reduced OS. These results suggest a protective effect against
hypercholesterolemia and OS. In another study, WG and fluoxetine were
administered together to evaluate the neuroprotective effect on aluminum-induced
Alzheimer’s disease (AD) rats [71]. It was observed that the combination of
fluoxetine and green wheat had a stronger effect than fluoxetine alone, suggesting
a potential synergistic treatment for AD [71].

Several studies have also shown the anticancer effects of ethanolic extracts and
commercial powder of green wheat. These demonstrated dose-dependent anticancer
activity on KB cells [13], and another study [16] highlighted the antidiabetic
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potential of ethanolic extracts of green wheat in diabetic rats, suggesting that green
wheat may contribute to glycemic control. Furthermore, Nepali et al. (2017)
highlighted the anti-inflammatory, antioxidant, and anti-apoptotic effects of
polysaccharides derived from green wheat, administered to mice. These inhibited
the production of pro-inflammatory cytokines and improved the oxidative status of
liver tissues, indicating significant therapeutic potential in acute inflammations [72].

3.1. Impact on bone health and muscle function

WG has attracted attention for its potential benefits on bone health and
muscle function. It is rich in vitamins A, C, E, and several B vitamins, which are
essential for various body functions. Among the main minerals it contains, we list
Ca, Mg, K, and P, all of which are important for the health of bones and muscles.
It is also a complete source of protein, including essential amino acids necessary
for muscle repair and growth. Thus, WG is a rich source of Ca and Mg, both vital
for maintaining bone density and preventing osteoporosis [31]. Adequate intake of
these minerals is particularly important for older adults. On the other hand, the
high chlorophyll content in WG may support bone health by reducing
inflammation and OS, which can lead to bone degradation [8]. Additionally, with
its antioxidant properties, WG contains antioxidants that help combat free
radicals, potentially protecting bones from oxidative damage. This is crucial for
maintaining bone integrity over time [38].

Some studies suggest that WG may improve bone marrow function, which is
essential to produce blood cells and supporting the overall health of the skeleton
[31,38]. Furthermore, WG provides a significant number of proteins and essential
amino acids that are crucial for muscle growth and repair. This makes it beneficial
for athletes and those engaged in regular physical activity. The presence of
minerals such as Mg and K aids in the contraction and relaxation of muscles,
improving muscle performance during exercise [31]. Due to its high B vitamin
content, which is known to boost energy levels, it can enhance athletic
performance by providing the necessary vigor for training. The anti-inflammatory
properties of WG may help reduce muscle soreness after physical exercise by
minimizing inflammation in muscle tissues [8].

However, WG appears to offer multiple benefits for both bone health and
muscle function due to its rich nutritional profile, including essential vitamins,
minerals, proteins, and antioxidants. While preliminary research supports these
benefits, further studies are needed to fully understand its effects on humans.
Incorporating WG into a balanced diet can provide valuable nutrients that support
overall health, especially for bones and muscles.

3.2. Wheatgrass and mental health

WG has promising potential in supporting mental health due to its
antioxidant, anti-inflammatory, and neuroprotective properties. Although specific
research on its direct effects on mental health is limited, there are several
mechanisms through which WG may contribute to improving psychological
health. Research confirms the benefits of WG on nervous system disorders, owing
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to fewer side effects [71,73]. WGJ is often consumed for its numerous health benefits,
being known for its ability to nourish cells and detoxify the body due to its content of
bioactive ingredients. It contains gamma-aminobutyric acid, flavonoids, superoxide
dismutase, vitamins, tryptophan, chlorophyll, bioflavonoids, minerals, and amino
acids, making it useful in treating various conditions [65].

Depression, a neuropsychiatric disorder affecting millions of people, is
influenced by environmental factors such as stress and life events that can trigger
major depressive disorder (MDD) [74]. A key factor in the development of depression
is OS, caused by an imbalance in the generation of free radicals and reactive oxygen
species (ROS). The accumulation of these ROS can damage lipids, proteins, and
nucleic acids, leading to cell death and impaired neuronal function [70,73].

AD is a neurodegenerative condition that causes cognitive decline, primarily
due to neuronal death [71,75]. WG has neuroprotective potential, contributing to
the restoration of cognitive functions, increasing acetylcholinesterase enzyme
activity and monoamine levels. It also prevents neuronal degeneration, reduces
OS and inflammation, and may alleviate disorders associated with liver and
kidney function, which can enhance vulnerability to Alzheimer’s. Results also
suggest that WG may be useful in treating respiratory diseases by inhibiting
hypersecretion of mucus in the epithelial lining of the respiratory tract [76].

CONCLUSIONS

WG represents a promising natural resource for improving health, due to its
rich nutritional profile. Its components, including vitamins, minerals, antioxidants,
and amino acids, contribute to strengthening the immune system, reducing OS,
and potentially preventing cancer. Continued research on the specific mechanisms
of these compounds will further clarify their role in promoting health. In various
forms, WG demonstrates a wide range of therapeutic effects, from cardiovascular
protection and anticancer activity to neuroprotective and antidiabetic effects,
offering significant potential in preventive and complementary medicine.
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