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Abstract: Wheatgrass has gained increasing attention due to its high content of 

bioactive compounds and associated health benefits. This study aimed to evaluate 

the effects of harvest timing and wheat variety on plant growth, phytochemical 

composition—including chlorophyll a (Chl a), chlorophyll b (Chl b), total 

chlorophyll content (TCC), total phenolic content (TPC), and total flavonoid 

content (TFC)—as well as antioxidant capacity in wheatgrass obtained from 

modern bread wheat (Triticum aestivum L.; cv. Tosunbey) and ancestral einkorn 

wheat (Triticum monococcum ssp. monococcum; cv. IZA). Seedlings were 

harvested at 10 different growth stages (5 to 15 days old). The results revealed that 

9-day-old bread wheatgrass exhibited the highest Chl a (9.43 mg/g FW), Chl b 

(2.69 mg/g FW), and TCC (12.12 mg/g FW). In contrast, 9-day-old einkorn 

wheatgrass had the highest TPC (55.18 ± 0.29 mg FAE/g DW) and TFC (263.11 ± 

1.92 mg QE/g DW). Notably, the strongest antioxidant activity (2.29 mg/L), 

comparable to ascorbic acid (2.26 mg/L), was observed in 5-day-old einkorn 

wheatgrass. The peak levels of TCC, TPC, and TFC were consistently detected on 

day 9 in both species. These findings highlight the critical role of harvest timing 

and genetic variation in optimizing the nutritional and functional properties of 

wheatgrass. While 9-day-old seedlings exhibited the highest phytochemical 

accumulation, the strongest antioxidant activity was observed in 5-day-old einkorn 

wheatgrass. Overall, einkorn wheatgrass demonstrated a more potent antioxidant 

system and higher phenolic and flavonoid content, whereas bread wheatgrass 

excelled in chlorophyll accumulation, emphasizing distinct compositional 

advantages between the two wheat varieties. 

INTRODUCTION 

Wheat, a strategic crop that fulfills a major portion of the global population's nutritional 

requirements, holds significant importance as a staple food. Given its essential role among the 

limited crop species extensively cultivated for staple food, the nutritional profile of wheat is 

particularly critical. In developed nations, a focus on health-conscious eating has increased 

demand for organic and traditional food products. Diploid Triticum monococcum ssp. 

monococcum (einkorn) (2n = 2x = 14, AA), one of the earliest cultivated hulled wheat species, 
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represents an ancestral crop of considerable interest (Pehlivan Karakas et al., 2021; Pehlivan 

Karakas et al., 2022). Genetic studies suggest that wild einkorn wheat was first domesticated 

in the Karacadağ region of Southeastern Anatolia (Özberk et al., 2016). Currently, einkorn is 

primarily grown organically on mountainous terrains across Türkiye, Morocco, the Caucasus, 

Egypt, and various European countries (Watanabe, 2017). Compared to modern wheat varieties, 

hulled wheat species, including einkorn, are richer in essential minerals and vitamins 

(Watanabe, 2017; Pehlivan Karakas et al., 2021; Pehlivan Karakas et al., 2022). However, the 

high yields and simplified harvesting processes of modern wheat have led to a reduction in 

ancestral einkorn cultivation. Nevertheless, einkorn cultivation has attracted renewed interest 

among farmers in developing countries, largely due to its high nutritional value and 

compatibility with organic farming practices (Watanabe, 2017; Pehlivan Karakas et al., 2022). 

Bread wheat (T. aestivum, 2n = 6x = 42, AABBDD), a hexaploid species, is extensively grown 

worldwide for producing wheatgrass (Özberk et al., 2016; Skoczylas et al., 2018; Kaur et al., 

2021; Pehlivan Karakas et al., 2022). The 5-15-day-old germinated sprouts of wheat are called 

“wheatgrass” (Akbas et al., 2017; Kaur et al., 2021; Pehlivan Karakas et al., 2021; Pehlivan 

Karakas et al., 2022). Recently, especially in developed countries, the adoption of a healthy 

lifestyle and the development of natural plant-based eating habits, and the consumption of fresh 

grass juice have increased. Wheatgrass juice is one of the most widely consumed grass juices 

due to its remarkable nutritional value, powerful health benefits, and low acid content (Banerjee 

et al., 2021; Garg et al., 2021; Kaur et al., 2021; Pehlivan Karakas et al., 2021; Pehlivan 

Karakas et al., 2022).  

Chlorophyll is a vital pigment known for its strong antioxidant properties, which give plants 

their green color (Skoczylas et al., 2018). Wheatgrass is often referred to as “green blood” due 

to its high chlorophyll content, comprising approximately 70% of its total chemical 

composition. The molecular structure of chlorophyll closely resembles that of hemoglobin, 

which is responsible for the red color of blood cells (Kumar et al., 2016; Eissa et al., 2020). 

Additionally, wheatgrass is recognized as one of nature’s most potent neutral therapeutic agents 

(Kumar et al., 2016; Pehlivan Karakas et al., 2022). This designation is largely attributed to its 

reported properties in blood purification, liver detoxification, and colon cleansing within the 

human body (Kumar et al., 2016; Eissa et al., 2020). Wheatgrass is commonly available and 

consumed in various forms, including tablets, powder, capsules, and fresh juice Banerjee et al., 

2021; Pehlivan Karakas et al., 2022). The endless health advantages of wheatgrass are based 

on its high contents of chlorophyll, vitamins (A, B, C, E, and K), minerals [iron (Fe), calcium 

(Ca), zinc (Zn), magnesium (Mg), sodium (Na), potassium (K), phosphorus (P), molybdenum 

(Mo), sulfur (S), aluminum (Al), copper (Cu), manganese (Mn), boron (B), selenium (Se), and 

chlorine (Cl)], phenolic molecules (rutin, gallic, ferulic, sinapic, p-coumaric, vanillic, caffeic, 

syringic, chlorogenic, p- hydroxybenzoic, and salicylic acids), bioflavonoids (apigenin, 

quercetin, and luteolin), active enzymes (amylase, protease, lipase, catalase, super oxide 

dismutase, cytochrome oxidase, and transhydrogenase) and amino acids (alanin, arginine, 

asparagine, aspartic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine, 

phenylalanine, proline, serine, threonine, tyrosine, tryptophan, and valine) (Chauhan, 2014; 

Benincasa et al., 2015; Kumar et al., 2016; Shamloo et al., 2017; Eissa et al., 2020; Ahmed et 

al., 2021; Kaur et al., 2021; Pehlivan Karakas et al., 2021; Pehlivan Karakas et al., 2022).  

Wheatgrass contains vitamin E isomers such as tocopherols [alpha- tocopherol (α-TP), beta- 

tocopherol (β-TP), gamma-tocopherol (γ-TP), delta-tocopherol (δ-TP)] and tocotrienols [α-TT, 

β-TT, gamma-tocotrienol (γ-TT), and delta-tocotrienol (δ-TT)], which have high antioxidant 

properties, and various B vitamins such as thiamine (B1), riboflavin (B2), niacin (B4), 

pantothenic acid (B5), pyridoxine (B6), biotin (B7), folic acid (B9), and cyanocobalamin (B12), 

which plays an important role in many vital metabolic activities (Thakur et al., 2019; Eissa et 

al., 2020; Choi et al., 2021; Pehlivan Karakas et al., 2022). The high amount of chlorophyll 

content of wheatgrass regulates body metabolism, increases the alkaline level in the blood, 

strengthens immunity, and detoxifies the body (Kumar et al., 2016; Ghumman et al., 2017; 
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Banerjee et al., 2021). The important minerals contained in wheatgrass have functions that 

facilitate the normal functioning of the brain, heart, bones, and muscles (Kaur et al., 2021). 

Wheatgrass also contains vital amino acids that repair cells, tissues, and organs and regulate the 

functioning of systems (Kaur et al., 2021). Antioxidant substances such as vitamins and 

phenolics contained in wheatgrass prevent oxidative DNA damage, reducing oxidative stress 

and the resulting negative effects (Benincasa et al., 2020; Pehlivan Karakas et al., 2022). In 

general, biologically active molecules in wheatgrass contribute significantly to the 

improvement and prevention of cardiovascular diseases, liver damage, diabetes, cancer, and 

allergy (Garg et al., 2021; Pehlivan Karakas et al., 2021). These bioactive components make 

wheatgrass juice a valuable source of antioxidants, contributing to its positive health effects. 

Studies have demonstrated that wheatgrass juice exhibits antioxidant, antimutagenic, 

antimicrobial, antiallergenic, nephroprotective, anti-inflammatory, and diuretic properties 

(Özköse et al., 2016; Avisar et al., 2020; Hebbani et al., 2020; Thakur et al., 2020; Choi et al., 

2021; Pehlivan Karakas et al., 2021; Pehlivan Karakas et al., 2022). At the same time, since it 

does not contain gluten, it is also safe for use by consumers with gluten intolerance and allergies 

(Qamar et al., 2019).  

Wheatgrass, obtained from the early vegetative growth of wheat species, has gained attention 

in recent years not only for its nutritional profile but also for its potential applications in 

functional food development. While modern bread wheat (T. aestivum) dominates global cereal 

production, interest in ancient genotypes such as einkorn (T. monococcum ssp. monococcum) 

is resurging, especially in the context of sustainable agriculture and biodiversity preservation. 

Einkorn is recognized for its adaptability to marginal environments and its naturally enriched 

micronutrient and phytochemical composition (Pehlivan Karakas et al., 2021; Pehlivan Karakas 

et al., 2022). 

The bioactive content of wheatgrass, including chlorophylls, phenolics, and flavonoids, is 

known to vary depending on both the wheat genotype and the developmental stage at which it 

is harvested. Despite this, comprehensive comparative evaluations of wheatgrass derived from 

ancient versus modern wheat species under controlled conditions remain limited. Identifying 

optimal harvest periods for maximizing bioactive compound accumulation may offer practical 

insights into breeding, crop management, and value-added product development. 

This study was conducted to evaluate the phytochemical composition and antioxidant potential 

of wheatgrass obtained from einkorn and bread wheat cultivars harvested at ten distinct growth 

stages for the first time. By analyzing the temporal dynamics of key bioactive components, the 

findings aim to support genotype-based selection and harvest planning strategies for enhanced 

nutritional quality in wheatgrass production. 

Recent research has been guided by the health utilities and phytochemical profile of wheatgrass 

from different varieties of wheat grown under different environmental conditions (Ghumman 

et al., 2017; Avisar et al., 2020; Banerjee et al., 2021; Kaur et al., 2021). However, there has 

been no comprehensive investigation comparing the bioactive properties and antioxidant 

activities of wheatgrass from different wheat species harvested at various germination stages. 

This study aims to address this gap by analyzing the chlorophyll content (Chl a, Chl b, TCC), 

phenolic content (TPC), flavonoid content (TFC), and antioxidant activity (DPPH free radical 

scavenging activity assay) of einkorn and bread wheatgrass harvested on 10 different days (5, 

7, 8, 9, 10, 11, 12, 13, 14, 15-days old wheatgrass shoots). This study aims to evaluate the 

influence of harvest timing and wheat genotype on the phytochemical composition and 

antioxidant activity of wheatgrass produced from einkorn and bread wheat. The results will 

help identify optimal harvest periods for maximizing nutritional value, offering potential 

benefits for functional food development and sustainable agricultural practices. 
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MATERIAL and METHODS 

Chemicals 

Chemicals and consumables items were obtained from several vendors and suppliers. Ethanol 

(EtOH), sodium hydroxide (NaOH), aluminum chloride (AlCl3), sodium nitrate (NaNO3) and 

sodium carbonate (Na2CO3) were purchased from Merck (Merck, Darmstadt, Germany). 

Ascorbic acid, ferulic acid, quercetin, Folin-Ciocalteu reagent, 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH), and N,N-Dimethylformamide (DMF) were procured from Sigma-Aldrich (Sigma-

Aldrich, St. Louis, MO, USA).  

Wheatgrass Preparation  

The wheat seeds of einkorn (T. monococcum ssp. monococcum; Cv. IZA) were obtained from 

Bolu Quality and Feed Industry Corporation, Bolu, Turkey in 2023. Seeds of bread wheat (T. 

aestivum; Cv. Tosunbey) were supplied by the Central Research Institute for Agricultural 

Research, Ankara, Turkey in 2023. Fresh wheatgrasses of two different wheat species with 10 

different germination times were obtained from their seeds under controlled laboratory 

conditions according to the method described by Pehlivan Karakas et al. (2021). Germination 

was performed under controlled conditions in a plant growth room, maintained at 22 ± 2 °C 

with a 16/8 h light/dark cycle and 55–65% relative humidity. Seeds were watered with tap water 

every other day throughout the germination period. The wheatgrass was harvested on the 5th, 

7th, 8th, 9th, 10th, 11th, 12th, 13th, 14th, and 15th day. Fresh wheatgrasses were packaged and 

labeled individually, and stored at -80 °C until analyzed. 

Morphological Measurements 

Shoot length was measured from 1 cm above the soil surface (above the coleoptile base) to the 

tip of the longest leaf using a ruler. For each wheatgrass cultivar, 15 seedlings were randomly 

selected per treatment for measurement, and the results were expressed in centimeters (cm). 

Leaf color was evaluated visually based on the overall greenness and vitality of the seedlings. 

Observations were made at each sampling point, and color differences among treatments were 

recorded descriptively. No color chart or instrument was used; the assessment was comparative 

and observational. 

Extraction Procedure of Wheatgrass for Analysis 

The 5, 7, 8, 9, 10, 11, 12, 13, 14, and 15-day-old fresh wheatgrasses (Figure 1) of two different 

wheat species (einkorn and bread wheat) were mashed and powdered with liquid nitrogen in a 

porcelain mortar. 500 mg of each powdered plant material was transported to a test tube with 

10 mL of 80% EtOH. For the extraction process, they were placed in a shaking hot water bath 

at 37 ± 2 ºC for 18 hours. After this process, all the test tubes were sonicated in an ultrasonic 

bath for 15 min. Then, all the extract samples were filtered separately with a 0.45 µm pore size 

Whatman syringe screen. The 80% EtOH extracts of wheatgrass harvested from two different 

species on 10 different germination days (5, 7, 8, 9, 10, 11, 12, 13, 14, and 15th day) were stored 

at -20 C for all subsequent analyses (Pehlivan Karakas et al., 2022). 

Determination of Chlorophyll Content 

The amount of chlorophyll a, b, and total chlorophyll (TCC) was determined by employing a 

previously described method (Moran, 1982). Briefly, 100 mg of fresh leaves were finely ground 

separately for each test using a porcelain mortar and pestle with liquid nitrogen. Then, they 

were homogenized in 1 mL of 100% dimethylformamide (DMF) using a sonicator for 1 min. 

Later, the tubes were incubated in a refrigerator at 4°C for 15 min. Then, centrifugation was 

performed for 10 min. at 27.000 × g, and the supernatant was transferred to a new tube. Each 

sample absorbance was measured by the spectrophotometer (Hitachi U-1900, UV-VIS 

Spectrophotometer 200V, Japan) at 664.5, 647, and 603 nm. Chlorophyll a and chlorophyll b 

contents, and consequently TTC, were calculated by employing the following equations, and, 

results were expressed as mg/g fresh weight (FW). 
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Chl a = (12.92 × A664.5) − (2.12 × A647) − (3.85 × A603) 

Chl b = (−4.67 × A664.5) + (26.09 × A647) − (12.79 × A603) 

Total Chl = (8.24 × A664.5) + (23.97 × A647) − (16.64 × A603). 

Determination of Total Phenolic Contents of Wheatgrass  

The total phenolic content of wheatgrass extracts obtained from 10 different harvest times was 

determined using the Folin-Ciocalteu method, as described by Dewanto et al. (2002). Ferulic 

acid was used as the standard phenolic compound, and a calibration curve was prepared using 

ferulic acid solutions at concentrations of 12.5, 25, 50, 100, 125, 150, 175, and 200 mg/L (R² = 

0.994). The assay was performed as follows: A volume of 125 µL of each standard solution, 

sample extract, or blank (80% ethanol) was added to separate tubes. To these, 500 µL of 

deionized water and 125 µL of Folin-Ciocalteu reagent were sequentially added and mixed 

thoroughly. After a 6-minute incubation, 125 µL of 10% sodium carbonate (Na₂CO₃) solution 

and 2125 µL of deionized water were added to the mixture, followed by thorough mixing. The 

solutions were then incubated in darkness for 90 minutes at 22 ± 2 °C. Absorbance was 

measured at 760 nm using a spectrophotometer against the blank. The total phenolic content in 

the wheatgrass extracts was calculated as milligrams of ferulic acid equivalents per gram of dry 

weight (mg FAE/g DW) using the standard calibration curve. All measurements were 

performed in triplicate to ensure accuracy and reproducibility. 

Total Flavonoid Contents of Wheatgrass 

The total flavonoid content of wheatgrass extracts, harvested at 10 different time points (5, 7, 

8, 9, 10, 11, 12, 13, 14, and 15 days), was determined using the aluminum chloride (AlCl₃) 

colorimetric assay, as described by Chang et al. (2002). Quercetin was used as the reference 

flavonoid, and a calibration curve was constructed using quercetin solutions at concentrations 

of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 µg/mL (R² = 0.9964). The assay procedure was as 

follows: To 250 µL of each sample extract, standard solution, or blank (80% ethanol), 75 µL 

of 5% sodium nitrate (NaNO₃) was added in a test tube and mixed by vortexing. After a 5-

minute incubation, 150 µL of 10% aluminum chloride (AlCl₃) was added, followed by 500 µL 

of 1 M sodium hydroxide (NaOH) and 1525 µL of distilled water, with thorough mixing after 

each addition. The absorbance of the resulting solutions was measured at 510 nm against a 

blank using a spectrophotometer. The total flavonoid content in the wheatgrass extracts was 

calculated and expressed as milligrams of quercetin equivalents per gram of dry weight (mg 

QE/g DW), based on the standard calibration curve. All analyses were performed in triplicate 

to ensure reproducibility and reliability. 

Antioxidant Activity (DPPH Free Radical Scavenging Capacity) of Wheatgrass 

The total antioxidant activity, or free radical scavenging capacity, of wheatgrass extracts 

harvested at 10 different time points from einkorn (cv. IZA) and bread wheat (cv. Tosunbey) 

species was determined using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, based on the 

method of Brand-Williams et al. (1995), with minor modifications as described by Pehlivan 

Karakas et al. (2017). Ascorbic acid (vitamin C) was used as a positive control. The antioxidant 

activity was expressed as the percentage (%) inhibition of DPPH free radical using the 

following formula:  

Percentage inhibition (%) = [( Acontrol − Asample)/Acontrol)] × 100 

Where; 

Acontrol: Absorbance of the control solution (containing all reagents except the wheatgrass 

extract). 

Asample: Absorbance of the wheatgrass extract solution. 

All measurements were conducted in triplicate to ensure reliability. Additionally, the results 

were expressed as IC₅₀ values (mg/L), representing the concentration of wheatgrass extract 

required to reduce the absorbance of DPPH by 50%. 
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Statistical Analysis  

The amounts of chlorophyll a (chl a), chlorophyll b (chl b), total chlorophyll content (TCC), 

total phenolic content (TPC), total flavonoid content (TFC), and IC₅₀ values of wheatgrass 

extracts obtained at 10 different harvest times (5, 7, 8, 9, 10, 11, 12, 13, 14, and 15 days old 

seedlings) from two wheat species, Triticum monococcum ssp. monococcum (cv. IZA) and 

Triticum aestivum (cv. Tosunbey), were analyzed statistically using the Statistical Package for 

Social Sciences (SPSS) Version 15.0 software (SPSS Inc., Chicago, IL, USA). The significance 

of differences among mean values was evaluated using one-way analysis of variance 

(ANOVA), followed by Duncan’s multiple range test, with a significance level set at P ≤ 0.05. 

Each assay was performed in triplicate, and results are presented as the mean ± standard 

deviation (SD) of three independent measurements. Significant differences between means are 

indicated by different lowercase letters (e.g., a, b, c, d, etc.). 

RESULTS and DISCUSSION 

The results of this study provide a comprehensive understanding of the morphological (length 

of wheatgrass), biochemical (chlorophyll a, chlorophyll b, total chlorophyll content, total 

phenolic content, and total flavonoid content), and antioxidant (DPPH free radical scavenging 

activity) properties of wheatgrass derived from Triticum aestivum (cv. Tosunbey) and Triticum 

monococcum ssp. monococcum (cv. IZA) across 10 different germination stages (5, 7, 8, 9, 10, 

11, 12, 13, 14, and 15 days old seedlings). Consistent with existing literature, these results 

highlight the critical influence of germination time and wheat species on the nutritional profile 

of wheatgrass. 

Morphological Observations and Growth Parameters of Einkorn and Bread Wheatgrass 

The morphological characteristics of wheatgrass differed significantly depending on species 

and germination day (Figure 1). Bread wheatgrass (cv. Tosunbey) exhibited a slightly darker, 

glossier green coloration, shorter stature, and thicker texture compared to einkorn wheatgrass 

(cv. IZA). These observations are consistent with previous studies indicating that 

morphological traits are influenced by both genetic background and environmental conditions 

(Sharma et al., 2020). 

Wheatgrass length increased linearly with germination duration in both species (Figure 2a). 

Across all sampling days, einkorn wheatgrass consistently exhibited significantly longer shoots 

than bread wheatgrass (Figure 2b). This greater shoot length may be attributed to the genetic 

predisposition of einkorn for more rapid early growth, as reported by Eissa et al. (2020), 

offering important agronomic insights for optimizing harvest time. 

In terms of measured values, shoot lengths ranged from 4.27 ± 0.73 cm (day 5) to 19.81 ± 0.87 

cm (day 15) in bread wheatgrass, and from 6.36 ± 1.08 cm (day 5) to 25.63 ± 0.96 cm (day 15) 

in einkorn (Figure 2b). No significant differences in shoot length were detected between days 

12 and 13 in either species, or between days 14 and 15 in einkorn (Figure 2b). The most vibrant, 

bright, and healthy appearance was observed between days 7 and 10 (Figure 1). This is 

consistent with literature suggesting that wheatgrass harvested during this window exhibits 

optimal vitality and is therefore recommended for nutritional or therapeutic use (Eissa et al., 

2020; Pehlivan Karakas et al., 2021; 2022). 
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Figure 1. Morphological appearance of wheatgrass from einkorn (T. monococcum subsp. monococcum, 

cv. IZA) and bread wheat (T. aestivum, cv. Tosunbey) cultivars at 10 different germination stages (5, 7, 

8, 9, 10, 11, 12, 13, 14, and 15 days). 

 

     
Figure 2. Length of wheatgrass from einkorn (T. monococcum subsp. monococcum, cv. IZA) and bread 

wheat (T. aestivum, cv. Tosunbey) cultivars measured at 10 different germination stages (5, 7, 8, 9, 10, 

11, 12, 13, 14, and 15 days). 

Chlorophyll Content of Einkorn and Bread Wheatgrass 

Chlorophyll content is a crucial factor in determining the nutritional quality and health benefits 

of wheatgrass. The germination period significantly influences chlorophyll synthesis, with 

specific days showing optimal accumulation. Studies indicate that chlorophyll content tends to 

peak at certain growth stages. For instance, it has been found that chl-a and chl-b levels are 

highest during the early stages of germination, typically around days 7 to 10 (Niroula et al., 

2019; Kaur et al., 2021). This period corresponds with the plant's active growth phase, where 

photosynthetic activity is maximized, leading to increased chlorophyll production. 

The chlorophyll analysis revealed that the highest concentrations of chl a, chl b, and TCC in 

wheatgrasses were recorded on the 9th day of germination in both species (Figure 3 and 4). The 
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chlorophyll content peaked at 9 days of germination for both species, reinforcing the idea that 

this period is crucial for nutrient accumulation. The chl a content of all tested samples was 

higher than the chl b content in both species (Figure 3 and 4). Among the species, the highest 

chl a (9.43 mg/g FW), chl b (2.69 mg/g FW), and TCC (12.12 mg/g FW) were observed in 9-

day-old wheatgrass of bread wheat cultivar (Tosunbey) (Figure 3). TCC values ranged from 

5.90 to 12.12 mg/g FW in wheatgrass of the bread wheat cultivar (Tosunbey) (Figure 3) and 

from 4.13 to 8.94 mg/g FW in wheatgrass of einkorn cultivar (IZA) (Figure 4). While the 

amount of chlorophyll in wheatgrass of both species increases significantly from the 5th to the 

9th day, it also decreases significantly from the 9th to the 15th day (Figure 3, and 4). These 

findings corroborate the work of Niroula et al. (2019) and Kaur et al. (2021), who noted similar 

peaks in chlorophyll content during this growth period. 
 

 
Figure 3. Chlorophyll a (Chl a), chlorophyll b (Chl b), and total chlorophyll (TCC) contents of 

wheatgrass from bread wheat (T. aestivum, cv. Tosunbey) harvested at 10 different germination stages 

(5, 7, 8, 9, 10, 11, 12, 13, 14, and 15 days). 

Similar to our study results, Adhikari et al. (2022) showed that the chlorophyll content of 

wheatgrass harvested at 9 days was significantly higher than that at later stages, such as 14 or 

15 days. This aligns with findings from Wangcharoen and Phimphilai (2016), who stated that 

chlorophyll concentration decreases as the plant matures and shifts resources toward 

reproduction rather than photosynthesis. The observed increase in chlorophyll a, chlorophyll b, 

and TCC from day 5 to day 11, followed by a decrease at day 13 and 15, may be attributed to 

the senescence process or oxidative degradation, as supported by earlier reports that describe 

chlorophyll breakdown in later growth stages (Zhang et al., 2021). 

Some studies have reported that chlorophyll can comprise up to 70% of the total pigment 

content in wheatgrass (Wangcharoen and Phimphilai, 2016), although this figure likely refers 

to relative pigment composition rather than absolute values on a fresh weight basis. In the 

present study, chlorophyll content was quantified in wheatgrass from two wheat species 

harvested at ten different time points, with values ranging from 0.413% to 1.212% on a fresh 

weight basis—more precise and physiologically meaningful measurements. Our results are 

consistent with previous findings by Skoczylas et al. (2018), who reported chlorophyll levels 

in wheatgrass of approximately 0.6%, significantly higher than those found in commonly 

consumed vegetables such as broccoli (0.008%), kale (0.187%), and spinach (0.125%) 

(Ferruzzi & Blakeslee, 2007). These comparisons highlight the exceptional chlorophyll content 

and nutritional potential of wheatgrass. 
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Figure 4. Chlorophyll a (Chl a), chlorophyll b (Chl b), and total chlorophyll (TTC) contents of 

wheatgrass from einkorn (T. monococcum subsp. monococcum, cv. IZA) harvested at 10 different 

germination stages (5, 7, 8, 9, 10, 11, 12, 13, 14, and 15 days). 

Both bread wheat (cv. Tosunbey) and einkorn wheatgrass (cv. IZA) exhibited their highest 

chlorophyll concentrations on the 9th day of germination, with bread wheatgrass consistently 

showing significantly higher levels (Figure 3 and 4). This disparity likely reflects physiological 

differences between the species and suggests that bread wheatgrass may be more suitable for 

applications that require high chlorophyll content, such as dietary supplements and health-

oriented food products. 

In addition to its role as a photosynthetic pigment, chlorophyll contributes to the antioxidant 

properties of plants by scavenging free radicals and supporting cellular defense mechanisms 

(Ferruzzi & Blakeslee, 2007). It is also associated with the presence of essential micronutrients, 

further enhancing the nutritional value of wheatgrass. The high chlorophyll concentration 

observed in bread wheatgrass, especially at day 9, underscores its potential advantage in 

functional food applications and supports its classification as a nutrient-dense “superfood.” 

Total Phenolic, Flavonoid Contents and Antioxidant Activity of Wheatgrass Samples 

Table 1 presents key findings regarding the total phenolic content (TPC), total flavonoid content 

(TFC), and antioxidant activity (IC₅₀ values) of wheatgrass derived from einkorn and bread 

wheat, assessed across ten germination stages (days 5–15). Statistically significant differences 

were observed among harvest times and between species, emphasizing the combined influence 

of genetic background and developmental stage on the bioactive composition of wheatgrass. 

Total phenolic content and total flavonoid content 

Both wheatgrass species exhibited dynamic changes in TPC and TFC throughout the 

germination period (Table 1, Figure 5). The highest levels of TPC (55.18 ± 0.29 mg FAE/g 

DW) and TFC (263.11 ± 1.92 mg QE/g DW) were recorded in einkorn wheatgrass at day 9, 

followed closely by bread wheatgrass (TPC: 50.67 ± 0.33 mg FAE/g DW; TFC: 254.78 ± 1.92 

mg QE/g DW) at the same stage. 

For einkorn, mean TPC values ranged from 31.65 ± 0.33 (day 15) to 55.18 ± 0.29 mg FAE/g 

DW (day 9), while for bread wheat they varied from 17.53 ± 0.33 (day 15) to 50.67 ± 0.33 mg 

FAE/g DW (day 9). After day 9, a significant decline in TPC was observed in both species 

(Table 1, Figure 5a). No statistically significant differences were found between the TPC values 

on days 13 and 14 in einkorn, or on days 5 and 7, and days 12 and 13 in bread wheatgrass. 
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TFC followed a similar trend. In einkorn, values ranged from 138.67 ± 3.33 (day 5) to 263.11 

± 1.92 mg QE/g DW (day 9); in bread wheatgrass, from 122.56 ± 1.90 (day 15) to 254.78 ± 

1.92 mg QE/g DW (day 9). Post day 9, TFC levels declined significantly in both species (Table 

1, Figure 5b). Interestingly, on day 7, the TFC levels of einkorn and bread wheatgrass were 

nearly identical (179.78 vs. 179.22 mg QE/g DW, respectively), showing no significant 

difference. On other days, however, notable differences were found both within and between 

species. These patterns indicate that both the germination stage and wheat genotype 

substantially influence the accumulation of phenolic and flavonoid compounds, aligning with 

previous findings (Eissa et al., 2020; Pehlivan Karakas et al., 2022). 

Table 1. Total phenolic content (TPC), total flavonoid content (TFC), and IC₅₀ values of wheatgrass 

from einkorn (Triticum monococcum subsp. monococcum, cv. IZA) and bread wheat (Triticum aestivum, 

cv. Tosunbey) cultivars harvested at 10 different growth stages.  

Wheats 
Harvest time of 

sprout (days) 

TPC TFC 
IC50 mg/L 

mg FAE/g DW mg QE/g DW 

Einkorn wheat 

(cv. IZA) 

5 49.29±0.29 c 138.67±0.33n 2.29±0.005 a 

7 46.35±0.29 d 179.78±1.92k 5.62±0.005 e 

8 44.00±0.59 e 232.56±5.09 c 6.61±0.005 h 

9 55.18±0.29 a 263.11±1.92 a 3.43±0.011 d 

10 43.08±0.33 f 229.22±1.92 d 5.92±0.010 f 

11 42.24±0.33 g 213.11±1.92 f 10.18±0.005 j 

12 40.80±0.58 h 199.78±3.84 g 10.66±0.011 k 

13 34.92±0.33 k 188.67±1.92 j 10.83±0.010 l 

14 34.07±0.29 k 178.67±1.92 k 11.32±0.005 m 

15 31.65±0.33  l 170.89±1.92 l 32.97±0.010 s 

Bread wheat 

(cv. Tosunbey) 

5 38.71±0.29 i 152.56±1.92 m 2.44±0.005 b 

7 38.31±0.29 i 179.22±1.92 k 5.96±0.010 f 

8 37.33±0.33 j 217.56±3.84 e 2.58±0.005 c 

9 50.67±0.33 b 254.78±1.92 b 6.49±0.005 g 

10 30.08±0.58 m 195.89±1.92 h 8.81±0.005 i 

11 27.33±0.33 n 193.11±5.09 i 13.82±0.010 n 

12 24.20±0.29 o 173.11±1.92 l 14.67±0.015 o 

13 24.00±0.29 o 139.78±1.92 n 15.41±0.010 p 

14 18.71±0.33 p 125.33±3.33 o 16.50±0.010 r 

15 17.53±0.33 r 122.56±1.90 p 40.61±0.005 t 

Ascorbic acid 

(positive 

control) 

  - - 2.26±0.005 a 

Values are presented as means ± standard deviation (SD) of three independent measurements. Different lowercase letters 

indicate statistically significant differences among the mean values (p ≤ 0.005). 

These results are consistent with those of Eissa et al. (2020), who found that phenolic and 

flavonoid levels peak at specific growth stages. During early wheat germination, secondary 

metabolites such as phenolic acids and flavonoids increase as part of the plant’s development 

and defense mechanisms. Typically, these levels follow a bell-shaped pattern—rising until 

about days 7–10, then declining. This decrease is especially apparent in tissues like the 

embryonic axis and roots, which are crucial in early seedling growth (Szablinska-Piernik and 

Lahuta, 2023). Similar fluctuations have been observed in cereals, reflecting the regulation of 

plant metabolism during early development. As seedlings mature, the accumulation and 

function of these compounds shift, affecting both stress response and overall growth (Reshi et 

al., 2023). 



Pehlivan Karakaş                                                             Int. J. Sec. Metabolite, Vol. 13, No. 1, (2026) pp. 144-159 

154 

In agreement with our findings, Eissa et al. (2020) and Kaur et al. (2021) reported that total 

phenolic (TPC) and flavonoid content (TFC) varied among wheat varieties. Like chlorophyll 

content, TPC and TFC peaked on the 9th day in both species (Table 1, Figure 5), aligning with 

Sharma et al. (2020), who observed maximum phenolic accumulation between days 9 and 11. 

This increase likely reflects a defense-related response driven by secondary metabolism (Kaur 

et al., 2021). The decrease after day 10 may be related to the utilization of these compounds in 

managing oxidative stress during later growth stages. Einkorn wheatgrass (IZA) contained 

higher phenolic and flavonoid levels than bread wheatgrass (Tosunbey) (Table 1), supporting 

the view that ancient wheats possess stronger antioxidant profiles due to their genetic 

background (Kaur et al., 2021; Pehlivan Karakas et al., 2021; 2022).  

 

  

Figure 5. (a) Total phenolic content (TPC), (b) total flavonoid content (TFC) of wheatgrass from 

einkorn (Triticum monococcum subsp. monococcum, cv. IZA) and bread wheat (Triticum aestivum, cv. 

Tosunbey) cultivars harvested at 10 different growth stages.  

Overall, both TPC and TFC reached their highest values on day 9, with einkorn wheatgrass 

showing significantly higher concentrations. These results underline the importance of genetic 

variation in antioxidant capacity and highlight einkorn wheatgrass as a promising source for 

functional food and nutraceutical use (Eissa et al., 2020; Kaur et al., 2021). 

Free radical scavenging activity (DPPH assay) 

Free radical scavenging activity, evaluated by IC50 values (where lower values denote stronger 

antioxidant capacity), varied significantly depending on germination time and wheat species 

(Table 1). IC50 values ranged from 2.29 mg/L (5th day) to 32.97 mg/L (15th day) for einkorn 

wheatgrass, and from 2.44 mg/L to 40.61 mg/L for bread wheatgrass. Remarkably, the 

antioxidant activity of 5-day-old einkorn wheatgrass (2.29 mg/L) was comparable to pure 

ascorbic acid (2.26 mg/L), highlighting its strong antioxidant potential. Overall, wheatgrass 

harvested between days 5 and 9 exhibited the highest antioxidant activities, which declined 

significantly thereafter. These findings are consistent with previous reports indicating early 

growth stages as optimal for antioxidant potential (Kaur et al., 2021; Pehlivan Karakas et al., 

2022). It is well known that wheat species, genotype, environmental factors, and growth 

conditions influence antioxidant activity (Kaur et al., 2021; Pehlivan Karakas et al., 2022). 

Wheatgrass is a recognized source of antioxidants due to its rich content of vitamins, minerals, 
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amino acids, phenolics, and flavonoids (Pehlivan Karakas et al., 2021; 2022; Skoczylas et al., 

2018). 

Phenolic compound levels also varied with the germination stage. The biosynthesis and 

accumulation of secondary metabolites like phenolics depend on multiple factors, including 

genotype, growth conditions, drying and storage methods, and extraction techniques (Li et al., 

2008; Pehlivan Karakas et al., 2021; Tekin et al., 2018; Verma et al., 2009; Wang et al., 2013; 

Ward et al., 2008). No clear correlation was observed between TPC, TFC, and antioxidant 

activity in einkorn (cv. IZA) and bread wheatgrass (cv. Tosunbey). As noted by Pehlivan 

Karakas and Turker (2013), phenolic and flavonoid contents alone may not fully explain 

antioxidant activity. Other antioxidant molecules, including vitamins (A, C, E), carotenoids (β-

carotene, lycopene, lutein, zeaxanthin), chlorophylls, essential oils, and minerals (selenium, 

copper, manganese, zinc), also significantly contribute (Fernandes de Oliveira et al., 2012; 

Pehlivan Karakas & Turker, 2016; Pehlivan Karakas et al., 2021; 2022; Skoczylas et al., 2018). 

This perspective is supported by Tullo and Abera (2023), who emphasized that the complex 

interplay among phytochemicals enhances wheatgrass’s health benefits. The strong antioxidant 

capacity observed—especially in 5-day-old einkorn wheatgrass—underscores its functional 

potential.  

This study revealed clear differences between Triticum monococcum ssp. monococcum (IZA) 

and Triticum aestivum (Tosunbey) wheatgrass in terms of growth characteristics, 

phytochemical profiles, and antioxidant activities during germination. Measurements of shoot 

length, TPC, TFC, Chl a, Chl b, TCC, and IC₅₀ at ten germination stages demonstrated the 

significant effects of species, genotype, and harvest timing on wheatgrass quality. These results 

support earlier findings that germination enhances chlorophylls, phenolic compounds, and 

antioxidant activity in cereal sprouts (Falcinelli et al., 2017; Kathuria et al., 2024). 

Einkorn (IZA) wheatgrass consistently showed higher TPC and TFC and stronger antioxidant 

activity than bread wheat (Tosunbey), confirming the idea that ancient wheat species preserve 

richer phytochemical profiles due to their genetic background (Gawlik-Dziki et al., 2012; 

Pehlivan Karakas et al., 2022). These findings highlight einkorn wheatgrass as a promising 

functional food ingredient. Notably, the 9th day of germination was optimal for maximizing 

bioactive compound accumulation in both cultivars. This pattern aligns with studies suggesting 

that intermediate germination stages are linked to higher enzymatic activity and secondary 

metabolite synthesis (Zielińska-Dawidziak, 2021). Given the well-established role of dietary 

phenolics in mitigating oxidative stress-related diseases (Pandey & Rizvi, 2009), optimizing 

harvest timing may significantly enhance wheatgrass’s nutritional value. 

In conclusion, both genetic background and germination timing play a crucial role in 

determining the nutritional and functional properties of wheatgrass. Further studies should 

investigate the molecular mechanisms underlying these effects and assess how environmental 

factors such as light, temperature, and nutrients influence phytochemical profiles. 

CONCLUSION 

This study highlights that the optimization of wheatgrass as a functional food is strongly 

influenced by wheat genotype and harvest timing. Among the germination stages evaluated, 

wheatgrass harvested on day 9 exhibited superior growth performance, higher phenolic and 

flavonoid contents, and increased chlorophyll accumulation. The strongest antioxidant activity 

was observed in 5-day-old wheatgrass, particularly in the einkorn (IZA) cultivar, which 

consistently outperformed bread wheat (Tosunbey) in terms of phytochemical and functional 

quality. These findings emphasize the superior nutritional and therapeutic potential of einkorn 

wheatgrass as a rich source of natural antioxidants and bioactive compounds. Its elevated 

phenolic and flavonoid levels suggest promising applications in preventing oxidative stress-

related disorders, including cardiovascular and metabolic diseases. Harvesting at day 9 appears 

optimal for producing wheatgrass-based products with maximized functional properties. 
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Overall, this study provides valuable insights for the strategic development of wheatgrass as a 

functional food and offers a foundation for future breeding efforts to enhance the bioactive 

compound profile of cereal sprouts for the health food industry. 
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