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Abstract: Wheat grass is presumed to contain bioactive compounds and antioxidant activity and has gained popularity as a health drink. The
present study was undertaken to explore the possibility of using other cereal grasses in place of wheat as affected by variety and growth length.
The bioactive compounds total phenol content (TPC) and total flavonoid content (TFC) increased significantly with the increase in length of the
grass in wheat varieties but decreased in rice and barley grasses. Maximum TPC and TFC was observed in the barley grass and rice grass at
6- and 4-inches length, respectively. Wheat grass showed maximum content at 15 and 20 cminches. Wheatgrass of variety PBW 550 at length
of 20 cm showed the highest antioxidant power as evidenced by FRAP (ferric reducing antioxidant power) and ABTS (2,2-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid) assay. Rice variety PR 126 at 10 cm and barley variety PL 807 at 15 cm exhibited maximum scavenging
activity comparable to wheat grass. Wheat grass is the best cereal grass in terms of bioactive and antioxidant potential. There is a significant
variation in these components of cereal grasses that change with increase in length of the grass. These should be harvested at the growth
length when the bioactive compounds and antioxidant activities are optimum. Rice and barley grass also exhibit notable antioxidant potentials,
which could be considered as a substitute for wheatgrass. The different varieties of these cereal grasses contain non-significantly different

bioactive compounds. Hence, any variety which is available at a particular location can be cultivated.
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The cereal grasses have gained wide attention as a
novel and convincing source of natural antioxidants. The
young leaves obtained from cereal grasses of the Poaceae or
Gramineae family and are presumed to contain maximum
bioactive and freely available compounds such as amino
acids, vitamins, and trace elements (Pajgk et al 2014). Major
cereal grass that has gained popularity today is wheatgrass.
Germination and sprouting increase antioxidants, nutrients
and phenolic compounds contents of cereal grasses
(Fortuna etal 2018). The wheat grains sprouted for 6-10 days
are considered as 'wheatgrass' (Akbas etal 2017, Benincasa
etal 2019). Wheatgrass has been considered as storehouse
of nutrients, containing considerable amounts of vitamins,
minerals, amino acids, active enzymes antioxidants and
chlorophylls (Ahmed et al 2021, Kaur et al 2021). The
wheatgrass juice have antioxidant, antimutagenic,
antimicrobial, antiallergenic, nephron-protective, anti-
inflammatory and diuretic properties (Ozkdse et al 2016,
Hebbani et al 2020, Thakur et al 2020, Choi et al 2021). The
evidence also suggests the protective effect of wheatgrass
juice against chemotherapy-induced damage (Avisar et al
2020a, 2020b). Its gluten-free properties has been found to
be beneficial for those with gluten allergy (Qamar et al 2019).
The young grass of the rice plant (Oryza sativa) has been

introduced in recent times to substitute the use of
wheatgrass, mainly in high rice production areas especially
Asian countries where rice acts as the major food source of
energy (Chomchan et al 2016). Khanthapok et al (2015)
reported that rice grass juice possesses DNA protective and
antioxidant properties including vitamins, minerals and
phytonutrients. Wangchareon and Phimphilai (2016)
observed that 6-20 days old rice grass has a high level of
antioxidant compounds and contain higher levels of
polyphenols while containing comparable antioxidant
activities to wheatgrass juice. The use of barley (Hordeum
vulgare L.) as a cereal grain date back to ancient times.
Barley grass is the young leaves of the barley plant. Barley
grass juice contain vitamins C and B like wheatgrass juice in
addition to minerals like calcium, copper and manganese
(Niroula et al 2019). The use of natural substances from
plants as a functional component in beverages is on the rise
resulting in functional beverages taking the leading spot
among functional foods (Wangchareon and Phimphilai
2016). Wheatgrass has been blended with other sources like
wheatgrass juice blended with pomegranate (Kashudhan et
al 2016) and with kombucha (Sun et al 2015) which showed
higher and more stable antioxidant activity suggesting that
these could be used as novel beverages with effective,
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healthy and functional therapeutic properties (Sun et al 2015,
Kashudhan etal 2016).

With the increase in the possibilities of wheatgrass to be
used in the food industry, exploration to include other cereal
grasses, importance to determine the appropriate variety and
harvesting stage is needed. This study aimed to investigate
the effect of different cereal grasses harvested at varied
lengths on the bioactive compounds and antioxidant
potential to determine the optimum harvesting stage for their
potential therapeutic use.

MATERIAL AND METHODS
Plant materials, cultivation and harvesting: Three
varieties each of wheat (Unnat PBW 550, PBW 343, PBW
550), rice (PR 121, PR 114, PR 126) and barley (PL 807, PL
89 and DWRB 123) were procured from the Department of
Plant Breeding and Genetics and School of Organic Farming,
Punjab Agricultural University, Ludhiana, India. The seeds
were soaked for 10 hours and germinated for 12 hours, then
washed under tap water and broadcasted in plastic trays
using the same soil for each of the varieties with no fertilizer
application. The trays were kept indoor at room temperature
20-22°C. The seeds were watered 3-4 times at an interval of
4 hours daily. The grasses were cut with scissors 1cm above
the soil when they reached the desired length i.e., 10 cm, 15
cm and 20 cm. The different cereal grasses attained the
desired length at different durations of days. Wheat varieties
attained the length of 10 cm by 5-6 days, 15 cm by 7-8 days
and 20 cm by 10-11 days. Rice varieties attained 10 cm by 8-
9 days, 15cm by 10-11 days and 20 cm by 15-16 days.
Whereas, barley varieties attained 10 cm by 6-7 days, 15 cm
by 8-9 days and 20 cm by 10-11 days.
Total phenol and total flavonoid content: TPC was
determined using Folin Ciocalteu method (Singleton et al
1999) and expressed as GAE (Gallic acid equivalent)/100g.
TFC was estimated using the method of (Zhishen et al 1999)
and expressed as mg QE (Quercetin equivalent)/100g.
Antioxidant potential of cereal grasses: Antioxidant
potential of cereal grasses was estimated by FRAP, ABTS
and DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. FRAP
assay of the extract (Tadhani et al 2007). The radical
scavenging assay was determined by ABTS and DPPH
assay following the protocol of (Re et al 1999) and (Brand-
Williams et al 1995), respectively. The results were
expressed as mg ferrous sulphate equivalent per 100 g (mg
FeSO, equivalent/100g) for FRAP and % RSA (radical
scavenging activity) for ABTS and DPPH assay.
Statistical analysis: The mean and standard deviation were
computed using Microsoft Excel (2010) Statistical Analysis
Tool Pack. Two-way Analysis of Variance was done using
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SAS (Statistical Analysis System, version 9.3 for windows)
Institute Inc. A p-value of less than 0.05 was considered
statistically significantin all cases.

RESULTS AND DISCUSSIONS

The TPC and TFC of different cereal grasses has been
shown in Table 1. There was no significant difference in TPC
and TFC among the wheat varieties with mean values
ranging from 110.41-117.38 mg GAE/100g and 90.76-101.25
mg QE/100g fresh weight respectively (Table 1). Among the
rice varieties a higher TPC and TFC was observed in variety
PR 126 with a mean value of 56.78 mg GAE/100g and 81.99
mg QE/100g fresh weight respectively. Barley varieties
showed significant difference in both TPC, with variety
DWRB 123 exhibiting higher mean value of 91.05 mg
GAE/100g fresh weight and TFC with variety PL 891 showing
higher mean value of 72.63mg QE/100g fresh weight.

Table 1. Total phenol content (mg GAE/100g) and total
flavonoid content (mg QE/100g) of different cereal

grasses
Cropl/variety TPC TFC
Wheat
Unnat PBW 550 114.11° 101.25*
PBW 343 110.41° 90.76°
PBW 550 117.38° 95.78°
Rice
PR 121 48.87° 72.83°
PR 114 45.67° 65.64°
PR 126 56.78" 81.99°
Barley
PL 807 71.61° 69.20%
PL 891 88.97° 72.63°
DWRB 123 91.05° 67.79°

Values in columns followed by different superscripts differ significantly (p< 0.05)

Table 2. Total phenol content (mg GAE/100g) and total
flavonoid content (mg QE/100g) of different cereal
grasses harvested at different growth lengths

Crop/Length 10 cm 15 cm 20 cm
Total phenol content

Wheat 106.16° 113.46° 122.28"
Rice 63.94° 57.10° 30.28°
Barley 7748 94.58" 74.87°
Total flavonoid content

Wheat 70.36° 97.97° 119.47°
Rice 95.18° 71.28° 54.00°
Barley 65.30" 75.91° 66.28°

Values in columns followed by different superscripts differ significantly (p< 0.05)
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The maximum TPC (122.28 mg GAE/100g) and TFC
(119.47 mg QE/ 100g) , was observed in 20 cm in wheat
grass. In rice grass, 10 cm length grass exhibited maximum
TPC (63.94 mg GAE/100g) and TFC (95.18 mg QE/100g) .
Among the barley varieties maximum TPC was (94.58 mg
GAE/100g) and was 75.91 mg/100g) was obtained at 15 cm.

The varieties of cereal grasses used in the study showed
significant difference in their FRAP activity (Fig. 1) Among the
wheat varieties the highest FRAP activity (198.47 mg FeSO,
/100g) was exhibited by variety PBW 550. PR 126 showed
highest value of 134.70 mg FeSO, /100g among the rice
varieties while among the barley varieties the highest value
(64.05 mg FeSO,/100g) was observed in PL 807. When the
ABTS and DPPH scavenging activity among wheat varieties
was considered, no significant difference was observed (Fig. 2
and 3). The rice variety PL 126 exhibited higher ABTS activity
of 19.87% while no significant difference in DPPH activity In
barley variety PL 807 exhibited higher ABTS activity of 16.06
% RSA while not showing significant difference in DPPH
activity. Considering the effect of length of cereal grasses on
the antioxidant activity, wheatgrass showed highest FRAP
activity of (186.87 mg FeSO, /100g) at 20 cm while lowest
activity (163.48 mg FeSO, /100g) was observed at 10 cm.
FRAP activity was maximum (140.86 mg FeSQO,/100g) at 10
cm in rice grass, while barley grass did not show significant
difference when growth length was considered. Similarly, the
highest ABTS value was observed at 20 cm in wheatgrass
with an activity of 52.09 % RSA. The rice grass did not show
significant difference. In barley grass however, higher ABTS
activity was observed at 15 cm with activity of 18.30% RSA.
No significant difference in DPPH scavenging activity in wheat
and rice grass when length was considered whereas, activity
at 20 cm was found to be lower in barley grass.

The cereal grasses showed significant difference in
bioactive compounds and antioxidant potential. The
bioactive compounds, in wheat varieties obtained in the
present study are similar to that reported in previous studies
(Qamar et al 2019, Devi et al 2020) and the bioactive
compounds increased with the increase in length of the grass
with optimum bioactive compounds observed at 20 cm which
concurs with previous study (Savsatli 2020, Devi et al 2020).
Among the rice varieties higher bioactive compounds was
observedin 10 cm length grass . Rattanapon et al(2017) also
recorded that TPC in rice grass decreased as the seedling
time increased.

Antioxidant potential (DPPH) in present study among
wheat and barley grasses was lower than that reported by
Qamaretal (2019)being 99.29 and 51.69% for DPPH radical
scavenging activity in barley and wheatgrass respectively
which could be due to varietal differences and the growing
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condition. The antioxidant activities determined by FRAP
was maximum at 10 cm in the rice grass, while ABTS and
DPPH scavenging activity did not show significant difference
til 20 cm which was similar to results obtained by
(Rattanapon et al 2017) where antioxidant activity
determined as ABTS and FRAP was higher in rice aged 7
days compared with 14 and 21 days whereas, the DPPH
radical scavenging activity was higher on day 14 than on day
7 and 21. The higher content of antioxidant activities in early
stages could be attributed to a high oxygen demand during
early germination. TPC increased during seedling growth,
which results in a significant increase in antioxidant potential
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Fig. 1. FRAP-reducing activity of cereal grasses harvested at
different growth lengths
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Fig. 2. ABTS- free radical scavenging activity of cereal
grasses harvested at different growth lengths
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Fig. 3. DPPH- free radical scavenging activity of cereal
grasses harvested at different growth lengths
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as reported by Zhang et al (2015). Previous studies on
wheatgrass by earlier scientist reported correlation between
antioxidant activity and bioactive compounds which was also
observed in the present study(Shakya et al 2014, Savsatli
2020, Kauretal 2021).

CONCLUSIONS

The work done in this paper indicates that among the
analysed cereal grasses of wheat, rice and barley, significant
difference was observed in the bioactive compounds and
antioxidant activity of different varieties at different lengths.
Wheatgrass had maximum bioactive compounds and
exhibited maximum antioxidant activity followed by rice and
barley grasses. In addition, the study suggests that different
grasses should be harvested at the growth length when the
bioactive compounds and antioxidant activities are optimum.
Moreover, as grasses of rice and barley varieties also exhibit
notable antioxidant potentials, they could be considered as a
substitute for wheatgrass to meet the need of the population
for health enhancing therapeutic products.
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