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Abstract: Wheat grassisconsideredto be anutritional powerhouse. It actsasa natural cleanser
of the body. The present study was undertaken with the broad objective of assessing plasma
antioxidant level s of geriatric population after supplementation of wheat grassjuice for one
month. Fresh wheatgrasswas analyzed for total phenol, flavonoidsand antioxidant capacity.
18 subjects were selected for the study. All experimental subjects were fed with fresh wheat
grassjuicedaily earlyin the morning for 30 days. It was observed that 30 days supplementation
of juice significantly (Pd<0.01) increased the hemoglobin, glutathione, ascorbic acid and
vitamins A, E, TAC (mg trolox equivalent per 100 gm). The phenol content of water and
methanolic extract wasfoundto increasetrenomdousdly. Thewater extract showed significantly
higher (pd<0.01) TAC compared with the methanolic extract. It is concluded from the study
that wheat grassjuice providesgenuine therapeutic advantagein the body and can be used as
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a nutrional supplement for therapeutic implication in the treatment of various diseases.
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INTRODUCTION

Wheat grassjuiceisan extract squeezed from mature
sprouts of wheat seeds (Triticum aestivum). It is
richinvitaminA, C and E and an excdlent source of
essential B vitamins, which are necessary for normal
brain and bone development and general metabolism
of body. Wheat grassjuice contains 70 % chlorophyll.
It has dilating effect on the blood vessd's, increases
the iron content in the blood and helps in rebuilding
and detoxifying the body [1].

Theuseof wheat grassjuicefor therapeutic purposes
was developed and popularized by Dr. Ann Wigmore
[1]. Although proponents of wheat grass juice was
recommended for the last three decades as a
treatment of various ailments, including chronic
inflammatory conditions and malignancies, to date no
clinical trials exist. The juice is believed to possess
therapeutic qualities only when fresh, therefore,
should be consumed immediately after extraction on
an empty stomach. Thetherapeutic qualitiesof juice

have been attributed to its rich nutritional content like
chlorophyll, vitamins (A, C and E), bio-flavonoids,
minerals (iron, calciumand magnesium), and 17 amino
acids, 8 of which are essential [2]. Several studies
have assessed an anti-mutagenic property of wheat
grass juice. In 1979, La et al. demonstrated an
antimutagenic property of wheat grass extract in the
Ames test system and attributed it to chlorophyll [3].
In 1992, Peryt showed its anti-mutagenic property
against cyclophosphamide and ethidium bromide,
whichwas reated to flavonoids, particularly apigenin
[4]. It isan excdlent antioxidant and playsarolein
the body’s defense system against “reactive oxygen
species’ (ROS), which are the harmful by products
generated during the cell aerobic respiration [5].

Looking at the importance of wheat grass juice, the
present study was carried out to observe the effect
of feeding of fresh wheat grass juice on blood
antioxidant profileof geriatric people. Along with this,
the phenol, flavonoids and antioxidant capacity of
fresh wheat grass was also evaluated.
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MATERIALS AND METHODS

Selection of subjects: 18 geriatrics (9 male and 9
female) in the age group of 50-65 yearswere selected
from local community of vallabh vidyanagar for the
study. The subjects were chosen on the basis of their
willingness to co-operate and they were free from
any apparent complications. Their anthropometric
measurements were taken to confirm that all the
subjectswerehaving normal body massindex (BMI).

Preparation of wheatgrass juice and feeding the
subjects: Wheat grass was procured from a local
Nursery farm and washed with potable water. 100
ml of water was taken and from that a small amount
was used for crushing 30 gms of wheatgrass in a
grinder. Remaining water was mixed with the
wheatgrass pulp. It wasthen filtered through amuslin
cloth by squeezing. This filtered extract was fed to
the subjects (30 gms wheat grass/100 ml water/
person/day for 30 days). The juice was extracted
every day freshly and was fed to the subjects early
in the morning (6:30 to 7:00 am) for 30 days. The
subjects were asked to follow their normal routine
dietary pattern of breakfast, lunch and dinner etc.

(A) Collection and analysis of blood sample:
After an overnight fasting (approximate 12 hours), 5
ml of venous fasting blood sample was drawn from
each subject by a pathologist. The blood was
collected inacleandry tube containing dried ethylene
diaminetetraaceticacid (EDTA). Theblood samples
were collected on 0 day (before starting the experi-
ment) and on the 30" day (at the end of experiment).

Hemoglobin estimation: Hemoglobin content of
blood was estimated by the oxy-HB method of
Evently and Malloy [7]. 0.02 ml blood wastransferred
to 8 ml of 1 % ammonia solution, mixed well and
then colour intensity was measured at 540 nm.

Glutathione (GSH): Glutathionewas estimated from
the whole blood by the method given by Ellman [8].
0.4 ml of blood samplewas mixed with 0.4 ml of 5%
TCA in plastic vials. This was mixed in the cyclo-
mixture and followed by centrifugation at 2000 rpm
for 10 minutes to obtain a protein free supernatant.
After centrifugation 0.01 ml of supernatant wastaken
in to plasma tube and 1.99 ml of phosphate buffer
(pH-8) and 0.1 ml of DTNB solution were added.
Thiswas mixed in cyclo mixtureand allowed to stand
for 10 minutes at room temperature. The colour
developed was read at 412 nm in a double beam UV

visible spectrophotometer (Hitachi 220S, Japan). The
standard series was prepared from working reagent
ranging from 2to 10 pug. Thevolumewas madeup to
1 ml with phosphate buffer (pH-8) and treated in the
same way as sample. Blank was prepared using 1
ml of phosphate buffer (pH-8) and treated in the same
way as sample.

AscorbicAcid (Vitamin C): Vitamin C was estimat-
ed from whole blood by the method given by Roe
and Kuther [9]. Exactly 0.4 ml of blood was mixed
with 0.4 ml of chilled 10% trichloro acetic acid (TCA)
inthetest tube. The content was centrifuged at 5000
rpm for 10 minutes and from this 0.2 ml of superna-
tant was taken in a plasma tube and volume was
made up to 0.5 ml with 5% TCA. 0.1 ml of DNPH-
thiourea-CuSO4 solution (DT C solution) was added.
This mixture was incubated at 37 °C for 3 hrs. 0.75
ml of 65 % H,SO, was added, mixed and allowed to
stand at room temperature for 30 minutes. Absorba-
nce was determined at 520 nm in the spectropho-
tometer. Standards ranging from 2 to 8 pg were
prepared. 0.5 ml of 5% TCA was added and analysed
in the same way as sample. Blank consisted of 0.5
ml of 5 % TCA which was then treated in the same
way as sample.

(B) Plasma analysis: Plasma was obtained by
centrifugation of whole blood at 8000 rpm for 10
minutes. The supernatant was collected as plasma

Total Antioxidant capacity (TAC) by FRAP
method: The procedure, described by Benzie and
Strain[10], was used to evaluate the TAC of plasma.
20 m of plasma was taken in a test tube and volume
was made up to 300 m with distilled water. 1.8 ml of
FRAP reagent was added and allowed to incubate
at 37 °C for 10 minute. The coloured complex was
measured at 593 nm using double beam U.V.
spectrophotometer. Standard series was prepared
using known concentration of ascorbic acid (ASA)
(1-4 my), trolox (1-4 ng) and gallic acid (0.2-0.8 ny).

Vitamin A: Plasma vitamin A was estimated by the
method given by Nedld and Pearson [11]. 0.5 ml of
plasma was mixed with 0.5 ml of 1 % pyrogallol
solution in a centrifuge tube mixed and incubated at
70°C for 2 minutesin water bath. 0.1 ml of saturated
KOH was added and incubated for 30 minutes at 70
°C in water bath. Sample was cooled iniceand 1 ml
of distilled water and 4 ml of chilled hexane were
added. Thiswas mixed vigorously for 2 minutesin a
cyclo mixer and was followed by centrifugation for
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5 minutes at 1500 rpm. Theupper layer was carefully
taken in dry test tube and known amount was
evaporated to dryness at 40 °C in a vacuum dryer.

After vacuumdrying, 20 pl of chloroformwas added.
1 ml of chloroform- Trifluoro acetic acid (chloroform-
TFA reagent) (2:1) reagent was added. Colour
intensity was reads at 620 nmin a spectrophotometer
within 30 seconds. Standards were prepared ranging
from 0.4 pg to 2 pg from the working solution of
trans-retinol palmitate and treated as sample.
Chloroform was used as blank.

Vitamin E: Plasma vitamin E was estimated by
modified method given by Desai [12]. 0.5 ml of plasma
was mixed with 0.5 ml of 1% pyrogallol solutionina
tube and incubated at 70°C for 2 minutes in water
bath. 0.1 ml of saturated KOH was added and
incubated for 30 minutes at 70°C in water bath.
Sample was cooled iniceand 1 ml of distilled water
and 4 ml of chilled hexane was added. Mixer was
mixed vigorously for 2 minutes in a cyclo mixture.
Thiswasfollowed by centrifugation at 1500 rpm for
5 minutes.The upper layer was carefully takenin dry
test tube and known amount was evaporated to
dryness at 40°C in a vacuum dryer. After vacuum
drying, residue was dissolved in 1 ml of ethanol. 0.2
ml of 0.2 % bathophenanthraline reagent was added
and mixed thoroughly. Tothis0.2 ml of FeCL , reagent
was added and mixed well using cyclo mixture.
Exactly after one minute 0.2 ml of orthophosphoric
reagent was added and colour intensity was read at
536 nmin a spectrophotometer. The standards were
prepared ranging from 2 to 8 pug (i.e. 0.1 t0 0.4 ml)
from working solution of o —tocophoral acetate. The
volumewas made up to 1 ml with ethanol and treated
in the same way as sample. 1 ml of ethanol was
used asblank and treated in the same way as sample.

(C) Wheatgrass analysis:

Ascorbic acid (vitamin C): Vitamin C from
wheatgrass was determined by using titrimetric
method of Rangana[13]. 5 gm of sample was taken
for extraction, and then 25 ml of 3 % M PA was added,
treated with a pinch of charcoal, and centrifuged for
10 minutes at 8000 rpm. Thefiltratewasfiltered with
whatman no.1 filter paper; volume was made upto
50 ml with 3% MPA. 2 ml aliquot was taken in a
conical flask and volume was made 10 ml with 3 %
MPA. Titrated against standard dye (2,6
dichlorophenal indophenal) till a light pink colour
appeared that persisted for 30 seconds.

Sample preparation for phenol, flavonoids and
total antioxidant capacity: 5 gm of fresh
wheatgrass sample was weighed and ground in a
mortar and pestle after adding 25 ml of distilled water
(for water extract) and 20 ml methanol (for methanol
extract). Thehomogenatewas refluxed for two hours
for water extract and for one hour for methanol
extract. The homogenate was then centrifuged at
6000 rpm for 10 minutes. The supernatant was
recovered and used as sample.

Total phenolic compound: Total phenolic
compounds were estimated according to the method
described by Schwarz [14]. 0.05 ml aliquot was taken
in a test tube and volume was made up to 1 ml with
distilled water. To this 1 ml each of folin-ciocalteau
reagent diluted with water (1:2) and 35 % Na,CO,
were added. The contents wereincubated for 10 min
at room temperature. 2 ml of distilled water was
added and intensity of blue colour was recorded at
620 nm, in UV spectrophotometer. Gallic acid of
known concentration (5-20 ng) was used as standard.

Flavonoid: Flavonoid content was estimated by the
method described by Zhishen et al [15]. 0.2 ml of
sample was taken and volume was made up to 1 ml
of 20 % HCL and 0.5 ml of formaldehyde solution
was added to it. It was kept at room temperature
for 24 hours. The content was centrifuged at 3000
rpm for 10 minutes. 1 ml of supernatant was treated
as sameway as for total phenol estimation. Standard
and blank were treated as they were total phenol
estimation.

Total antioxidant activity by 1, 1-Diphenyl 2-
picryl Hydrazyl (DPPH) method: The antioxidant
activity was determined by the ability of extract to
scavenge DPPH radicals as described by M ccue and
Shetty [16]. 0.2 ml aliquot of fresh wheatgrass
extract was taken and volume was made up to 1 ml
with methanol. Then 3 ml of DPPH reagent was
added. The content was mixed properly. It was
incubated at 37 °C for 20 minutes. After incubation
the absorbance was measured at 517 nm. In 1 ml
methanol, 3 ml DPPH was added and was used as
contral. For standard, known concentration of Ascor-
bic acid (10-40 ng), gdlic acid (1-4 ng) and trolox
(10-40 ng) weretaken. Methanol was used as blank.

Total antioxidant capacity by FRAP assay:The
FRAP (Ferric Reducing Antioxidant Power) method
[10] was used to evaluate the TAC of whesat grass
juice. 0.1 ml of fresh extract was taken in a test
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tube and volumewas made up to 300 m with distilled
water. 1.8 ml of FRAP reagent was added and
allowed to incubate at 37 °C for 10 minute. The
coloured complex was measured at 593 nm using
double beam U.V. spectr-ophotometer. For standard,
known concentration of ascorbic acid (10-40 ng),
gallic acid (1-4 ng) and trolox (10-40 ng) weretaken.
For blank, 300 n of distilled water wastaken and 1.8
ml FRAP reagent was added.

Statistical analysis: The results obtained were
analyzed using SPSS for windows 10.0. Differences
between variables were tested for significance by
using one-way analysis of variance (Duncan).

RESULTS

Haemoglobin: Table 1 depicts the mean value of
hemoglobin, whole blood glutathione, and ascorbic
acid levels of subjects before and after wheat grass
juice supplementation. The hemoglobin concentration
before supplementation was 9.35 gm % which
significantly increased (pd<0.01) to 12.98 gm % after
fresh wheat grass juice supplementation. The
percentage increase was found to be 38.82 %.
Chlorophyll makes up > 70 % of the solid content of
wheat grass juice. Both chlorophyll and hemoglobin
shareasimilar atomic structure. Theonly difference
in the two molecules is that of the metallic atom
element. Hemoglobin consists of iron, while in
chlorophyll the metallic atom is magnesium.

Glutathione: Table 1 depicts the mean value of
glutathione. Glutathioneis an important non protein
thiol, which in conjunction with glutathione peroxidase
and glutathione-s-transferase plays a central rolein
maintaining the integrity of the cells when challenge
by different toxic agents. Theliver playsamajor role
inhomeostasis of glutathione, it isused by glutathione
peroxidase as a substrate to catalyze the reduction
of organic hydroperoxides and hydrogen peroxides.
In normal metabolism glutathione plays an important
role in detoxification. Therefore in the present study
it was analyzed in blood before and after supplem-
entation of fresh wheatgrass juice. The mean value
of glutathione before feeding was 42.51 mg/g and
after supplementation for one month it increased
significantly (Pd<0.01) to 76.84 mg %.

Plasma ascorbic acid: Table 1 depicts the mean
value of plasma ascorbic acid. The ascorbic acid
concentration before supplementation was 8.19 mg

% which significantly (Pd<0.01) increased to 13.75
mg % after fresh wheatgrass juice supplementation.
The percentage increase was found to be 67.88 %.

Plasma vitamin A: Table 1 depicts the mean value
of plasma vitamin A. Vitamin A has many
physiological functionslikenormal vision, growth and
development and healthy skin. Beta carotene
supplementation may prevent cardiovascular disease
and cancer because of its antioxidant effects [17].
The initial (before feeding fresh wheatgrass juice)
plasma vitamin A level was 75.16 ug % which
significantly increased (Pd<0.01) to 171.45 pug % after
wheatgrass supplementation. The percentage
increase was found to be 121.11 %.

Plasma vitamin E: Table 1 depicts the mean value
of plasma vitamin E. vitamin E is a lipid soluble
antioxidant and scavenge free radicals and may
prevent oxidativedamageto lipid membraneand low-
dendity lipoproten. Vitamin E isalso neededinimmune
function and enhances cell- mediated immunity.
Vitamin E deficiency results in fat malabsorption,
cystic fibrosis, liver disease, muscles weakness and
hemolysis[17].

Theinitial (before feeding wheatgrass juice) plasma
vitamin E level was0.85 mg % and final (after feeding
fresh wheatgrass juice) level was 1.94 mg %. These
values were significantly different from each other
(Pd<0.01). After wheatgrass suppleme-ntation the
percentage increase was found to be 128.23 %.

Table 1: Different subjects were fed wheatgrass juice . Values
are mean + S.D of seven observations; a significantly different
from b (P d<0.01); c significantly different from d (P d<0.01);
e significantly different from f (P d<0.01 )

Initial level (O day) | Findl level (30" day)
Hemoglobin (gm %) 9.35" +1.16 12.98° +1.63
Glutathione (mg %) 4251° +2.69 76.84° +9.05
Ascorbic acid (mg %) 8.1F + 1.60 13.75 +2.65
PasmaVitamn A (ug%) | 75.16* +4.36 171.45° + 9.67
PasmaVitamnE(mg%) [ 0.85° +0.26 1.94° + 054

Table 2: Plasma Antioxidant activity of subjects fed fresh
wheatgrass juice by FRAP assay. Values are mean + S.D of
seven observations; a significantly different from b ( Pd<0.01);
c significantly different from d (Pd<0.01); e significantly
different from f (Pd<0.01 ).

mg Ascorbic acid mg Trolox mg Gallic acid
Equivaent equivalent Equivalent
per 100 gm per 100 gm per 100 gm
Initial 10.55% +.72 27.87° £33 | 461° + 098
level
Final level 40.31° +.83 57.13° £3.33 | 11.55 +2.37
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Table 3: Total Phenol and flavonoid content of the fresh
wheatgrass. Values are mean + S.D of seven observations; a
significantly different from b (Pd<0.01); c significantly different
from d (Pd<0.01)

Phenol (mg %) Flavonoid (mg %)

W ater extract 345.95% + 4.57 160.85° + 6.46

Methanol extract 172.59° + 5.31 169.59¢ +3.36

Table 4: Antioxidant activity of fresh wheat grass (by FRAP
assay). Values are mean + S.D of seven observations; a
significantly different from b (Pd<0.01 ); c significantly
different from d (Pd<0.01 ); e significantly different from f

(Pd<0.01 )

mgaoorbicadd|  mgtrdox nmgadlicadd
euivdent euivdent euivde
per 100gm per Ogm per 100gm
Wate edract | 446712 +3284 | 3459F +1922|117.03° + 2887
Methandicextract | 354.16° +817 | 266277 +6.63 | 9150 +4.47

Table 5: Antioxidant activity of fresh wheat grass (by DPPH
assay) .Vaues are mean + S.D of seven observations; a signif-
icantly different from b (Pd<0.01)

Antioxidant capacity ( % inhibition)
43.89%+ 0.56
36.09"+2.16

Water extract
Methanolic extract

Plasma total antioxidant capacity by FRAP
assay: Table 2 depicts the mean value of plasma
TAC. Antioxidant defense systemin our body protects
against radicals produced during different metabolic
processesin our body. In the present study TAC was
estimated in response to wheat grass suppleme-
ntation. Before feeding the fresh wheatgrass juice
the plasma TAC equivalent to ascorbic acid, Trolox
and GallicAcid was 19.55, 27.83 and 4.61 mg/100gm
respectively, which significantly increased to 40.31,
57.13 and 11.55 mg/100gm respectively. After fresh
wheatgrass juice supplementation, the percentage
increase equivalent of ascorbic acid, trolox and gallic
acid was found to be 106.18 %, 104.98 % and 149.56
%, respectively. The ascorbic acid content of fresh
wheatgrass was found to be 28.87 mg %.

Fresh wheatgrass analysis: The mean values of
phenol and flavonoid content of fresh wheatgrass is
presented in table 3.The phenol content of water and
methanaolic extract was found to be 345.95 mg %
and 172.59 mg %, respectively. The water extracts
showed significantly higher (pd<0.01) phenolic
content as compared to the methanolic extract. The
total phenolic content of raw spinach as reported by
Gitanjali et al. [18] and Vinson & a. [19] were 115.25
mg % and 1.7 pmol/g respectively. Thetotal phenolic

content of raw spring onion was 948 mg/kg as
reported by karadeniz et al. [20]. The phenolic content
of raw cabbage reported by Chun et al [21] was
97.8 mg %. The flavonoid content of water and
methanaolic extract was found to be 160.85 mg %
and 169.85 mg %, respectively. The methanolic
extract showed significantly higher (Pd<0.01)
flavonoid content as compared to water extract.

FRAP assay: Themean TAC equivalent of ascorbic
acid, trolox and gallic acid of water extract of fresh
wheatgrass (Table4) was446.71, 345.92, 117.03 mg/
100g, respectively. The water extract showed
significantly higher (pd<0.01) TAC compared to the
methanolic extract. TAC of raw cabbage reported
by Miller et al. [22] was 150 pmol Trolox equivalent/
100g. TAC of raw spinach was reported to be 70.90
% [18].

DPPH assay: The mean percent inhibition of radical
scavenging antioxidant assay of water and methanol
extracts of wheatgrass is presented in table 5. The
water extract showed significantly higher (pd<0.01)
percent inhibition as compared to methanolic extract.

DISCUSSION

Thebelieversof alternative system of medicineclaim
that as chlorophyll and hemoglobin arealikein atomic
structure; intake of wheat grass juice enhances
hemoglobin production [23]. Kavitaand Radhika[24]
studied the effect of fresh wheatgrass juice supplem-
entation on hemoglobin levels of anemic young
women. The hemoglobin increased by 11.66 % after
wheatgrass juice feeding for one month. In the
present study, feeding fresh wheat grass juice for
one month showed a higher increase in hemoglobin
concentration compared to what was reported by
kavita and Radhika [24].Velmurugan et al. [25]
reported a significant increase in liver and stomach
glutathione in swiss albino mice upon feeding tomat-
oes at alevd of 0.5, 1 and 2 g /kg of body weight.

Ingrid et al. [26] studied the plasma ascorbic acid
concentration in responseto spinach and broccoli soup
feeding. The percentage increase was found to be
59 %. In the present study, the percentage increase
in plasma ascorbic acid concentration was found to
be 67.88 %. Thus after feeding fresh wheatgrass
juice the percentage increase in blood ascorbic acid
was higher than feeding spinach and broccoli soup
as reported by the above mentioned authors.
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Phenolic compounds tend to accumulatein the dermal
tissue of plant body because of their potential rolein
protection against UV rays and a defense chemical
against pathogen predators [27]. Total phenolic
content contributes to antioxidant activity. The
antioxidant capacity of phenol is mainly dueto their
redox properties, which allow themto act asreducing
agents, hydrogen donors, singlet O, quenchers, and
metal chdators [28].

Flavonoids are a major class of total phenols. They
are conjugated to sugar molecules and are commonly
located in the upper epidermal layer of leaves. They
are potent antioxidants and therefore they have been
studied in the present investigation. The major
phytochemical responsible for the antioxidants
capacity most likely can be accounted for the
flavonoids compounds, which are known as
secondary natural product metabolites [29].

Thus, theresults obtained in the present study support
the fact that fresh wheatgrass juice helps in
improvement of plasma antioxidant levels among
geriatric population.
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