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ABSTRACT

Nitric oxide (NO) is an important signalling molecule in plants. In the present work, the effect of some nitric oxide donors namely,
sodium nitroprusside (SNP), sodium nitrite (NN) and potassium ferricyanide (FCN) on the antioxidant activity of Trigonella foenum-
graecum L. was studied during germination. The treated seeds were germinated in dark for 72 h and the antioxidant activity were
determined at interval of 24 h up to 3 days. The in vitro antioxidant activity was determined spectrophotometrically by the following
methods, DPPH, ABTS, nitric oxide, anti-lipid peroxidation, beta-carotene bleaching, ferric reducing power and metal chelating as
well as phytochemicals such as phenol, flavonol and carotene content were also evaluated. The results demonstrated that the seeds
treated with nitric oxide donors showed gradual increase in their antioxidant potential from 24 h to 48 h and then declined at 72 h
stages. Overall, the seeds treated with sodium nitroprusside and potassium ferricyanide showed higher antioxidant potential
particularly at concentration 80 mM and 40 mM respectively, when compared with control. Our data supported the hypothesis that

NO is a signalling molecule that plays an important role as an antioxidant component in plants.
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INTRODUCTION

rigonella foenum-graecum commonly known as

fenugreek, being rich in antioxidants and

phytochemicals has been traditionally used as a
food, forage and medicinal plant." The pharmacological
and folkloric uses of different plant parts of fenugreek
have been reported by different researchers. Its seeds
have been reported to have anti-diabetic,** anti-
cancerous,” anti-inflammatory® and antioxidant activity.”
Its leaves have been reported to possess potential anti-
bacterial activity,® anti-diabetic and antioxidant
property.’® Randhir et al.,'* have also reported about the
presence of potential antioxidant activity in the sprouts of
fenugreek.

Nitric oxide is a short- lived bioactive molecule,'? which is
considered to function as prooxidant as well as
antioxidant in plants.13 Nitric oxide molecule is now
recognized as an important signaling molecule and
reported to be involved in various key physiological
processes such as abiotic stress tolerance,™ plant defense
mechanism," germination,'® growth and development of
plants'’ etc. In the cited study it was also shown that
plant response to such stressors like drought, high or low
temperature, salinity, heavy metals and oxidative stress,
is regulated by NO. ™ '8

Free radicals, such as reactive oxygen and nitrogen
species, are an integral part of normal physiology. An
over-production of these free radicals occurs, due to
increase in oxidative stress brought by the imbalance of
the bodily antioxidant defence system and free radical
formation.” These highly reactive species on reaction
with biomolecules can cause cellular injury and even
death. This may lead to the development of several

disorders and chronic diseases such as cancers,
Alzheimer’s and Parkinson’s diseases and those related to
cardiac and cerebrovascular systems.”

Antioxidant compounds play vital role in protecting cell
against destructive chemical compounds such as free
radicals and reactive oxygen species (ROS) that are
constantly produced by the cell metabolism and their
concentration increases under stress conditions.”
Phenolics and flavonoids are considered to be very
important antioxidant components, which play very
important roles in the prevention of human oxidative
damages. %%

In recent times seed sprouting is gaining more
significance commercially because it enhances the
nutritional value of the seed. A large number of chemical
changes occur to mobilize the stored carbohydrates and
protein reserve into the germinating sprout."*** Sprouting
also removes some anti-nutritive factors such as enzyme
inhibitors from the seed that make sprouts safe for
consumption. Sprouting in fenugreek is known to improve
its soluble protein and fibre content and reduce the
phytic, tannic acid and trypsin inhibitors.”*

The purpose of the present study was to evaluate the
effect of nitric oxide donor namely, sodium nitroprusside,
potassium ferricyanide and sodium nitrite on the
antioxidant activity of Trigonella foenum-graecum sprouts
germinated under dark condition. To our knowledge, this
is the first report on the effect of nitric oxide donors in
counteracting oxidative stress in fenugreek sprouts.
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MATERIALS AND METHODS
Materials and treatment

The fenugreek seeds were sterilized with 4% sodium
hypochlorite solution. The sterilized seeds were treated
with the solutions of nitric oxide donors: sodium
nitroprusside (SNP), potassium ferricyanide (FCN), and
sodium nitrite (NN) at five different concentrations: 10
mM, 20 mM, 40 mM, 80 mM and 120 mM and kept in
rotary shaker for 24 hours. For control set, seeds were
primed with normal water and kept in rotary shaker along
with the treated seeds. After treatment the seeds were
washed thrice with sterile water and kept in the seed
germinator for 72 hours.

Preparation of extract

The sprouts of fenugreek of 3 different stages: 24h, 48h &
72h were crushed in mortar-pestle and processed
through soxhlet extraction apparatus with methanol. The
refluxed samples were separated from the residues by
filtering through Whatman No. 1 filter paper and the
extract was concentrated to a definite concentration of
1g/ml using a vacuum rotary evaporator. The obtained
methanolic extracts were stored in brown bottles and
kept in refrigerator for further experimental analysis.

Animal material

Goat liver, used for anti-lipid peroxidation assay, was
collected from slaughter house immediately after slay and
the experiment was conducted within an hour after
collection.

Chemicals and reagents

Methanol, 2.2-diphenyl-1-picryl hydrazyl (DPPH), 2,2-
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), nitro blue tetrazolium (NBT),
reduced nicotinamide adenine dinucleotide sodium salt
monohydrate (NADH), phenazine methosulphate (PMS),
sulphanilamide, glacial acetic  acid, napthyl
ethylenediamine dihydrochloride, potassium ferricyanide
[KsFe(CN)g], trichloroacetic acid (TCA), thiobarbituric acid
(TBA), FeS0,7H20, potassium hydroxide (KOH),
potassium dihydrogen phosphate (KH,PO,), ethylene-
diamine tetra acetic acid (EDTA), 2-deoxyribose,
potassium ferricyanide, ferric chloride (FeCls), ferrous
chloride (FeCl,), ferrozine, hydrogen peroxide (H,0,),
sodium nitroprusside, gallic acid, quercetin, catechol,
Folin-Ciocalteu reagent, sodium carbonate (Na,COj),
sodium nitrite  (NaNO), aluminium chloride (AICls),
sodium hydroxide (NaOH), hydrochloric acid, potassium
chloride, sodium acetate, B-carotene, chloroform, Tween
20 and linoleic acid were either purchased from Sigma
Chemicals (USA), or of Merck analytical grade.

DPPH based free radical scavenging activity (DPPH)

The radical scavenging activity of the sprout extracts were
measured by DPPH method.” The reaction mixture
contained 1.8 ml of 0.ImM DPPH and 0.2 ml of
methanolic extracts. The reaction mixture was vortexed
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and left in the dark at room temperature for 30 min. The
absorbance was measured at 517 nm. A reaction mixture
without test sample was considered as control.

Radical scavenging activity was expressed as percent
inhibition from the given formula:

Percentage inhibition of DPPH radical = [(Ay — A;)/Ag] X
100.

Where, Aq: absorbance of the control and A;: absorbance
of the extract or standard. Then percentage inhibitions
were plotted against concentration and from the graph,
ICso was calculated.

Reducing antioxidant power (FRAP) Assay

The reducing antioxidant power of methanolic extracts
was determined by the standard method.?® Different
concentrations of 1 ml of methanolic extracts were mixed
with phosphate buffer (25 ml, 0.2 M, pH 6.6) and
potassium ferricyanide [KsFe(CN)s] (2.5 ml, 1%). The
mixture was incubated at 50°C for 20 min. Then, 2.5 ml of
trichloroacetic acid (10%) was added to mixture, which
was then centrifuged for 10 min at 3000 rpm. The upper
layer of solution (2.5 ml) was mixed with distilled water
(2.5 ml) and FeCl; (0.5 ml, 0.1%). The absorbance was
measured at 700 nm against a blank using UV-Vis.
Increased absorbance of the reaction mixture indicates
increase in reducing power.

Metal chelating activity (MC)

The chelating activity of the extracts for ferrous ions Fe*
was measured according to the method of Dinis et al., 2
with slight modification. To 0.4 ml of methanol extract,
1.6 ml of methanol was diluted and mixed with 0.04 ml of
FeCl, (2 mM). After 30s, 0.8 ml ferrozine (5 mM) was
added. After 10 min at room temperature, the
absorbance of the Fe**—Ferrozine complex was measured
at 562 nm. The chelating activity of the extract for Fe**
was calculated as

Chelating rate (%) = (Ay - Ay) / Ag x 100

Where A, was the absorbance of the control (blank,
without extract) and A; was the absorbance in presence
of the extract.

Nitric oxide scavenging activity (NOS)

Nitric oxide was generated from sodium nitroprusside
and measured by the Greiss reaction.?® 320 uL methanol
extract, 360 pL (5 mM) sodium nitroprusside-PBS
solution, 216 pL Greiss reagent (1% sulphanilamide, 2%
H3;PO, and 0.1% napthyl ethylenediamine
dihydrochloride) was mixed and incubated at 25°C for one
hour. Lastly 2 ml water was added and absorbance was
taken at 546 nm.

Radical scavenging activity was expressed as percent
inhibition from the given formula: percentage inhibition
of NO radical = [(Abs. of control — Abs. of sample) / Abs.
of control] x 100.
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ABTS' radical cation(s) decolorization assay

The spectrophotometric analysis of ABTS' radical cation(s)
scavenging activity was determined according to Re et
al.® method with some modification. This method is
based on the ability of antioxidants to quench the ABTS'
radical cation, a Dblue/green chromophore with
characteristic absorption at 734 nm, in comparison to
that of BHT. The ABTS" was obtained by reacting 7 mM
ABTS" radical cation(s) in H,O with 2.45 mM potassium
persulfate (K;S,0g), stored in the dark at room
temperature for 6 hrs. Before usage, the ABTS' solution
was diluted to get an absorbance of 0.750 + 0.025 at 734
nm with sodium phosphate buffer (0.1 M, pH 7.4). Then,
2 ml of ABTS" solution was added to 1 ml of the
methanolic extract. After 30 min, percentage inhibition at
734 nm was calculated for each concentration, relative to
a blank absorbance. Solvent blanks were run in each
assay.

The ABTS" scavenging was calculated using the following
formula:

ABTS' scavenging effect (%) = (1- As/Ac) x 100

Where A is the initial concentration of the ABTS' radical
cation(s) and As is absorbance of the remaining
concentration of ABTS' radical cation(s) in presence of the
extract.

Anti-lipid peroxidation (ALP) assay

The anti-lipid peroxidation activity of the methanolic
extracts of different developmental stages of sprouts was
determined by the standard method™® followed by slight
modification with the goat liver homogenate. 2.8 ml of
10% goat liver homogenate, 0.1 ml of 50 mM FeSO, and
0.1 ml extract was mixed. The reaction mixture was
incubated for 30 minutes at 37°C. 1 ml of reaction
mixture was added with 2 ml 10% TCA-0.67% TBA in
acetic acid (50%) for terminating the reaction. Mixture
was boiled for 1 hour at 100°C and centrifuged at 10,000
rpm for 5 minutes. Supernatant was taken for absorbance
at 535 nm.

ALP % was calculated using the following formula:

ALP percent =
Abs. of Fe** induced peroxidation —Abs. of sample
x 100

Abs. of Fe** induced peroxidation — Abs. of control
B-Carotene-linoleate bleaching (BCB) assay

The antioxidant activity was evaluated based on the (-
carotene bleaching protective method developed by
Velioglu et al. ! p-Carotene (0.2 mg in 1 ml chloroform),
linoleic acid (0.02 ml) and Tween 20 (0.2 ml) were
transferred into a round bottomed flask. Chloroform was
totally evaporated at room temperature under vacuum at
reduced pressure using a rotary evaporator. After
evaporation, 50 ml of distilled water was added to the
mixture, and then shaken vigorously to form an emulsion.
2 ml of emulsion was then added to 0.2 ml of methanolic
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extract or methanol (as control) into test tubes and
immediately placed in a water bath at 50 °C. The
absorbance was read at 30 min intervals for 2 h at 470
nm. Degradation rate (DR) was calculated according to
first order kinetics, based on equation; *2

Ln a/b x 1/t = DRsample OF DRstandard

where In is natural log, a is the initial absorbance (470
nm) at time 0, b is the absorbance (470 nm) at 30, 60, 90
or 120 min and t is the initial absorbance (470 nm) at time
0.

Antioxidant activity (AA) was expressed as percent of
inhibition relative to the control, using the following
formula:

DRcontroI - DRsampIe or standard

DRcontroI
Total phenolic content (TPC)

Total phenolic contents of sprout extracts were
determined according to the standard protocol. ** 1 ml of
the various methanolic extracts was mixed in a test tube
containing 1 ml of 95% ethanol, 5 ml of distilled water
and 0.5 ml of 50% Folin-Ciocalteu reagent. The resultant
mixture was allowed to react for 5 min and 1 ml of 5%
Na,CO; was added. It was mixed thoroughly and placed in
dark for 1h. Finally the absorbance of coloured reaction
product was measured at 765nm against the reagent
blank. The total phenolic content was expressed as mg of
gallic acid equivalent per gram fresh weight.

Total flavonoid content (TFC)

The flavonoid contents were measured following a
standard Spectrophotometric method.®* 1 ml of
methanolic extracts was diluted with water (4ml) in a 10
ml volumetric flask. Initially, 5% NaNO, solution (0.3ml)
was added to each volumetric flask; at 5 min, 10% AICl3
(0.3ml) was added; and then after 6 min, 1M NaOH (2ml)
was added. Next water (2.4ml) was added to the reaction
flask and mixed well. Absorbance of the reaction mixture
was read at 510 nm. The total flavonoid content in
different extracts was calculated as quercetin equivalent
(QE) per gm fresh weight.

Total carotene estimation

Total carotene contents (TCC) were determined according
to the standard protocol.35 Firstly, the methanolic sample
was dried and converted to agueous extract which was
further partitioned thrice with equal volume of peroxide
free ether using a separating funnel. The ether layer was
collected and evaporated and then after reconstituted
with ethanol. To the ethanolic extract 0.1 ml of 60%
agueous KOH was added and heated for 5 min with test
tubes covered with marbles. The mixture was kept in dark
for overnight. Next day again the mixture was partitioned
with ether, the ether layer was evaporated and
reconstituted with ethanol and the absorbance of the
ethanolic mixture was recorded at 450nm. The carotene
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content was calculated using a calibration curve prepared
against pure B-carotene.

Statistical Analysis

Each experiment was performed in triplicate. The
software package, MS Excel 2007 (Microsoft, Redmond,
WA, USA) was used for comparing the antioxidant
attributes of different developmental stages of the
fenugreek sprouts. The different group means were
compared by Duncan’s Multiple Range Test (DMRT)
through DSAASTAT software (version 1.002; DSAASTAT,
Peruglia, Italy); p < 0.05 was considered significant in all
cases. Smith’s Statistical Package version 2.5 (prepared by
Gary Smith, CA, USA) was used for determining the ICsg
values of antioxidants and their standard error of
estimates (SEE). Correlation coefficient analysis was
conducted using SPSS (Version 12.00, SPSS Inc., Chicago,
IL, USA) to indentify the relationship patterns between
antioxidant activity and phytochemical attributes.

RESULTS AND DISCUSSION

The health benefits of phenolic compounds have been
widely investigated. In human beings phenolics are
known to exhibit strong antioxidant activity, which is
involved in prevention of oxidative damage to
biomolecules like DNA, proteins and lipids that may result
in chronic diseases, such as cancer and cardiac
disorders.* The present research aimed at improving the
phenolic content and related antioxidant properties of
fenugreek through elicited sprouting. Antioxidant
compounds are very much effective in inhibiting the
processes involved in peroxidation such as: neutralizing
existing free radicals in the system, inhibiting the
peroxidation catalysis by metal ions and also through
breaking the lipid-radical chain reactions. ¥’

Antioxidant activity of the sprouts was measured in terms
of their free radicals such as DPPH, ABTS, and nitric oxide
scavenging potential; metal chelation, lipid peroxidation,
reducing power and beta-carotene protective activity.
The determination of antioxidant activity is important for
assessing the nutritional value of the extracts.® The
antioxidant activity in elicited fenugreek sprout extract
was significantly improved over control. The elicitation
showed a gradual increase in free radical scavenging
activity for DPPH and ABTS from 24h stage to 48h stage.
In comparison to control set the best ICs, value was
exhibited by sodium nitroprusside (80mM) and potassium
ferricyanide (40mM) (Table 1-3). In case of ABTS assay,
sodium nitroprusside (80mM) and potassium ferricyanide
(20mM) exhibited the highest scavenging activity among
all other treatments in all 3 stages (Table: 1-3). In case of
nitric oxide radical scavenging assay, all the treated
sprouts showed zero activity at initial stage (24hrs) later it
was enhanced but pulsing with sodium nitroprusside
showed better scavenging properties. The result
demonstrated that the antioxidant activity of the sprouts
gradually increased from 24h stage to 48h stage and
there after decreased towards 72h stage.
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The reducing capacity of a biological compound acts as a
significant indicator of its antioxidant potential. In the
reducing power assay, the antioxidant components
convert the oxidized form of iron (Fe+3) from ferric to
ferrous (Fe*) chloride.®® The reducing ability of the
sprouts was determined with ascorbic acid equivalent.
Higher ascorbic acid equivalent value indicates higher
reducing capacity of samples. It was observed (Table: 1-3)
that the sprouts treated with sodium nitroprusside
(80mM) and potassium ferricyanide (40mM) showed
enhanced reducing activity with ascorbic acid equivalent
value 768.30 mg/g FW (48h) and 1017.40 mg/g (fresh
weight) FW (48h) respectively when compared to that of
control with 689.80 mg/g FW (48hrs).

Another important antioxidative mechanism involves the
chelation of transition of metal ions such as copper and
ferrous ions, which prevent the participation of these
metal ions in Fenton and Haber-Weiss reactions further
inhibiting the generation of highly reactive hydroxyl
radicals.”’’ The antioxidant components which are
efficient in ferrous ion chelation helps in mobilization of
iron present in tissues by forming soluble, stable
complexes that are excreted along with the faeces and
urine.  Hence chelation therapy has been
implemented in reducing iron-related complications such
as thalassemia which is characterized by iron overload in
vital body organs.”*** Here the sprouts treated with SNP
at 40mM concentration exhibited the best metal
chelating activity among all the treatments and control on
day 2 (48h).

The B-carotene bleaching assay estimates the ability of
the extract to function at a lipid water interface to inhibit
the bleaching of B-carotene by H,0, catalyzed oxidation.*
The antioxidant activity of the fenugreek sprouts was
evaluated by BCB method; it was found that 20mM SNP
primed sprouts showed the best B-carotene protective
capacity at 24h (12.39%), 48h (47.72%) and 72h (23.42%)
stages. Lipid peroxidation is the oxidative degradation of
lipids through peroxide formation which induces severe
damage to adjacent bio-molecules in cells causing cell
death. Thus, the inhibition of such destructive processes
is very much important for the protection of the living
system.46 The sprouts elicited with 10mM potassium
ferricyanide exhibited the highest activity against lipid
peroxidation on day 1 (24h) and day 3 (72h), though other
treatments also showed significant enhancement in
comparison to control sprouts.

For phytochemical analysis, total phenol, flavonol and
carotene content were determined. The total phenol and
flavonol content of fenugreek sprouts was estimated for 3
days of dark germination. The highest stimulation was
observed at 72h stage for control as well as the different
elicitors used in this study. The significant enhancement
was observed at different concentrations for the different
elicitors. Among the different concentrations applied,
sodium nitroprusside at 120mM, 10mM potassium
ferricyanide and 40mM sodium nitrite exhibited the
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highest phenolic content which was 11%, 28 % and 29%
higher than control on 72 hours germination phase
respectively (Table 1-3). From flavonol estimation, it was
observed that sodium nitroprusside concentration
treated 80mM exhibited the highest flavonol content on
day 3 of germination. Maximum flavonol stimulation was
observed for the 20 mM potassium ferricyanide and
80mM sodium nitrite treatment on day 3 of dark
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germination that too was higher than control on the same
day (Table 1-3). For all treatments the total phenol and
flavonol contents were higher compared to control on 3
days germination stage. The phenol and flavonol content
of all treatments and control fluctuated throughout all
stages of germination except in case of potassium
ferricyanide where gradual increase was observed
throughout germination phases.

Table 1: Antioxidant activity and phytochemical constituents of fenugreeks sprouts treated with different nitric oxide

donors at 24 h stage

24 H STAGE GERMINATION

FRAP (mg
TREATM  DPPH(mg  ABTS(mg/ NOS(mg/ml  ALP(mg/m . TPC (mg TFC(mg TCC(mg
ENT /ml) mnp o s el Aﬁlgm ) ) BCBOY | Gapfgm) | QE/gm) | BCE/gm)
HYDRO 101.04+9  9552+8.6  159.94+17. 633.90£65. 3057.06+29 584.40+54. 6.58+0.9 0.0739:0.0 0.008+0.0 NA
.55b 3ef 22abc 44bc 8.65b 22¢f 12ef 029 02ab
SNP-10 65.78+6. 57.47+6.2 196.89+19. 797.30+71. 1992.93+19  205.51+21. 11.06x0. 0.084+0.00 0.007+0.0 NA
23a 5cd 67c 02a 1.26a 77ab 23ab 3efg 02b
SNP-20 53.9015. 22.96+3.1 144.57+13. 754.50+69. NA 230.50+21. 12.39+0. 0.0791+0.0  0.008+0.0 NA
1la 6a 43ab 87ab 09ab 259a 02fg 02ab
SNP-40 67.3116. 49.58+5.7 388.41+36. 622.00+59. NA 285.41+26. 6.82+0.8 0.088+0.00 0.011+0.0 0.0374+0.
47a 9bc 56e 08bc 45hc 3def 3def 03ab 004b
SNP-80 52.6215. 10.85+9.4 179.38+18. 664.10+63. NA 285.63+27. 10.440.9 0.095+0.00 0.010£0.0 NA
59a la 24hc 15b 12bc 2abc 3cde 03ab
61.5216. 30.14+3.1 197.34+21. 693.70+68. 361.94+27. 0.095+0.00 0.007+0.0 0.0036=0.
SNP-120 - g5q 2ab 0lc 12ab NA 66cd NA 3cde 02b 001d
FCN-10 58.1545. 97.99+9.5 286.41+25. 653.80+62. 2037.55+19  180.78+17. 8.89+0.7 0.1185+0.0 0.011+0.0 0.0145=0.
87a 5ef 34d 13b 8.23a 56a 3bcd 111a 03ab 002c
FCN-20 55.0544. 79.09+8.3 124.49+12. 669.70+65. 1991.98+19  196.90+18. 10.2+1.2 0.1124+0.0  0.013%0.0 0.05070.
97a 3de 44a 24b 3.44a 33ab 6abc 10ab 03a 005a
FCN-40 54.6915. 114.43+1 185.82+19. 666.80+67. NA 395.87+38. 10.241.7 0.106+£0.00 0.007+0.0 NA
58a 2.4fg 13bc 11b 22d 2abc 98bc 02b
FCN-80 58.1545. 95.07+9.3 175.17+18. 643.38+61. NA 511.11+52. 8.7+0.75 0.091+0.00 0.006£0.0 0.0325z0.
83a 5ef 55hc 42b 87e 2cde 3def 01b 002b
86.63+9. 109.45+1 171.71419. 517.48+49. 427.47+41. 7.85+0.5 0.101+0.00 0.007+0.0
FCN-120 o 0.1fg 02abc 01¢ NA 28d 16de abcd 02b NA
NN-10 53.2045. 122.21+1 205.47+22. 650.50+58. NA 351.94+36. 11.85+1. 0.1114+0.0 0.007+0.0 0.0508=0.
33a 2.669 3lc 12b 21cd 713a 05ab 02b 002a
NN-20 62.0516. 161.06+1 267.45+25. 345.64+32. NA 278.02+28. 8.99+0.7 0.101+0.00 0.009+0.0 NA
88a 5.81h 15d 11d 34bc 6bcd 5bed 03ab
NN-40 65.60+7. 155.75+1 168.54+16. 140.39+13. NA 410.96+42. 10.2+1.8 0.1060+0.0 0.011+0.0 NA
12a 4.92h 13abc 09e 44d labc 04bc 03ab
NN-80 57.8345. 153.75+1 162.34+15. 121.22+14. NA 549.51+53. NA 0.085+0.00 0.007+0.0 0.0544+0.
54a 6.24h 32abc 25e 89ef 3efg 02b 004a
NN-120 66.68+7. 151.77+1 174.98+18. 166.96+17. NA 625.00+70. 5.64+0.6 0.096+£0.00 0.007+0.0 NA
0la 5.75h 78bc 13e 11f 32f 4cde 02b

Results are expressed as Mean + SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p < 0.05) by Duncan’s

Multiple Range Test (DMRT).

In a nut shell, it was observed that among all treatments,
sodium nitroprusside and potassium ferricyanide elicited
the higher total phenolic content which was higher than
control. Sodium nitroprusside and potassium ferricyanide
treated sprouts showed consistency in their antioxidant
activity but sodium nitrate treated sprouts exhibited
relatively inconsistent antioxidant activity as we can see
absence of beta-carotene protective activity at 80mM
concentration at each stage (Table 1-3).

It is found that the efficiency of plant phenolics in
protection against oxidative stress depends on their
reactivity towards reactive oxygen species (ROS).
Reduction of phenoxyl radicals by the intracellular
reductants is well-known to recycle phenolic antioxidants,
thus enhancing antioxidant property.*”  Sprouting
significantly enhanced the antioxidant activity for control
and all treatments. Highest antioxidant activity was
observed during 48h stage confirming that the molecules
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responsible for antioxidant activity were elicited
appropriately at this stage. Another reason could be that,
during initial germination stages there is a higher oxygen
demand and therefore phenolics might be involved in
protecting the cells from possible oxidation-induced
damages.48 Higher antioxidant activity was observed in
treatments compared to control during late stages of
germination indicates that most phenolics under natural
conditions are diverted towards lignification with growth
which was also observed during elicitation of corn.”
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Whereas in the case of treatments with nitric oxide
elicitor, perhaps the stress imposed by the elicitors
reduces the amount of phenolics being partitioned for
lignification because some are utilized for antioxidant
function against the ROS generated. It may also be same
phenomena for the sprouts of 72h exhibited considerably
high phenolics content but low antioxidant activity
compared to 48h sprouts; it may be due to less utilization
of phenolics against oxidative stress and mostly for
secondary growth.

Table 2: Antioxidant activity and phytochemical constituents of fenugreeks sprouts treated with different nitric oxide

donors at 48h stage
48 H STAGE GERMINATION
FRAP (mg
TREAT DPPH(mg  ABTS(mg  MC(mg/ml AAE/am NOS(mg/m  ALP(mg/m BCB (%) TPC (mg TFC(mg TCC(mg
MENT /ml) /ml) ) FWg)] 1) 4 GAE/gm) QE/gm) BCE/gm)
HYDRO 77.0816.5 73.93+8.0 141.69+14. 689.80+65. 12884.8+25 315.91+17  20.64%3. 0.073510. 0.0046x0.  0.0330+0.00
3c 3hi 26abc 99cde 6.65h .34bc 92de 007bc 0003g 29gh
SNP-10 107.43+t1  36.19+3.2 161.94+17. 660.97+64. 5963.48+11 272.00+13  45.67+4. 0.0607+0. 0.005£0.0  0.2222+0.02
1.2de 3bcd 47bc 02de 8.26d .02ab 23a 006¢c 003fg 6la
SNP-20 92.9048.1 30.25+3.5  254.01+23. 746.50+73. 7346.93t14 428.76+21  47.7245. 0.0613+0. 0.004£0.0  0.0360+0.00
1d 6bc 52d 66bcd 6.269 .09 29a 006¢c 003gh 33gh
SNP-40 59.5845.6 24.15+2.6  118.25+17. 666.60+65. 4312.35#89 814.55+38  27.19+2. 0.075610. 0.005£0.0  0.1791+0.01
2b 9ab T7a 19de .39¢ .649 82a 007hc 004fg 68abc
SNP-80 33.55+3.5 9.67+1.24  14520+15. 768.30+68. 6947.67+13 296.53+14  32.32+3.  0.0936x0.  0.008+0.0  0.0027+0.00
2a a 32abc 15bcd 9.42f .18b 91cd 008b 005cd 02h
SNP-120 5453#5.1 52.92+5.6  142.32+15. 710.50%69. 519.39+25  29.77+3. 0.086610. 0.007£0.0  0.0222+0.00
1b 2efg 61abc 12cd .36f 26bc 008b 005de 23gh
FCN-10 68.1616.0 62.67+6.5 158.14+15. 825.27+82. 382.92+18  25.69+2. 0.0887+0. 0.008£0.0  0.0448+0.00
7bc 5fgh 23bc 13bc .29de 33bc 008b 005cd 47gh
FCN-20 38.00£4.3 44.41+3.3 154.81+14. 868.10485. 320.89+14  37.41+4. 0.141040. 0.013£0.0  0.1399+0.01
2a 5cde 23abc 17b .54bc 23cd 012a 0lla 29cd
FCN-40 33.55+4.1 48.92+4.3  124.12+12. 1017.40+9  6714.48+13 494.71+24  30.65%3. 0.141040. 0.011£0.0  0.1095+0.09
Ta 8def 09ab 7.19a 6.33e .27f 22b 013a 009b 15def
FCN-80 34.74+¢3.2 69.23t7.3  148.01+13.  729.30%71. 959.84+46  45.1945. 0.1604+0. 0.009£0.0  0.0056+0.00
3a 5h 72abc 33bcd .89h 75bc 017a 008c 02h
FCN-120 64.4916.2 73.07+#8.1  171.92+17. 759.90+69. 1946.11+46 993.33+45  13.20+1. 0.0784+0. 0.007£0.0  0.0595+0.00
5bc 6hi 32c 21bcd .63a A43h 52a 008bc 005de 26fgh
NN-10 97.2319.3  108.30%1 142.60+14.  556.50+54. 522.00+23  29.62+2. 0.0721+0. 0.003£0.0  0.0076+0.00
3de 2.01j 09abc 12ef .28f 13e 007bc 002h 03h
NN-20 111.40+#1 87.18+7.9  135.28+13.  492.90+48. 397.67+19  20.53+3. 0.0734+0. 0.006£0.0  0.2095+0.01
2.88e 1i 15abc 19f .54de 65de 007bc 004ef 97ab
NN-40 76.3917.3 66.48+6.5 151.85+16. 470.00+45. 2344.52+41 266.66+11  27.88+3. 0.076520. 0.005£0.0  0.1595+0.01
2c 2gh 02abc 08f .55b .71lab 82cd 008bc 003fg 39bcd
NN-80 65.5916.1 86.59+9.3  133.28+£13.  448.72+44. 222.00+12 NA 0.0762+0. 0.011+0.0  0.0664+0.00
3bc 5i 1lab 32f .25a 008hc 010b 43efg
NN-120 66.8816.8  129.13%1 158.08+16.  201.77+21. 360.32+17  34.27+4. 0.0834+0. 0.005£0.0  0.117+0.009
1bc 2.32k 29hc 24g Alcd 62bc 008b 003fg 8de

Results are expressed as Mean + SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p < 0.05) by Duncan’s

Multiple Range Test (DMRT).

Previous studies have already reported that the
antioxidant activity is very well correlated with the
content of phenolic components. 3150 As demonstrated in
Table: 4, our results showed strong correlation between
total phenol and flavonoid with antioxidant activities such
as DPPH scavenging, metal chelating and - carotene
protective activity of the sprouts. Similar trend was
reported by different authors in their respective studies.
5152 These results suggest that phenolics are efficient

scavenger of free radicals as well as transition metal ion
chelating agents. Flavonoids possess a chemical structure
with particular hydroxyl position in the molecule that is
considered to be involved in proton donating and radical
scavenging mechanism.>®>  However no significant
correlation was found between free-radical scavenging
and total carotene content of the sprouts except with B-
carotene protective activity (r’= 0.481) which showed
highly positive correlation (Table 4).
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Table 3: Antioxidant activity and phytochemical constituents of fenugreeks sprouts treated with different nitric oxide
donors at 72 h stage

TREAT
MENT

HYDRO

SNP-10

SNP-20

SNP-40

SNP-80

SNP-
120

FCN-10

FCN-20

FCN-40

FCN-80

FCN-
120

NN-10

NN-20

NN-40

NN-80

NN-120

DPPH(mg/
ml)

97.65+6.5
3bc

150.88+11
.23ef

117.68+8.
1lcd

115.19+9.
62bcd

161.00+13
52f

115.89+9.
11bcd

99.27+6.0
Tbc

94.18+4.9
2b

69.27+4.1
Ta

71.92+4.2
3a

130.53+10
.25de

110.02+7.
33bcd

121.79+12
.88d

197.07x17
.329

131.46+10
.13de

117.57+8.
8lcd

ABTS(mg
/ml)

73.7315.0
3ef

66.12+4.2
3de

36.12+2.5
6a

42.81+2.6
9abc

38.28+2.2
4ab

47.60+3.6
2abc

87.5616.5
5fg
51.46+4.3
5bc

56.31+4.3
8cd

41.71+3.3
5ab

94.89+8.1
69

76.45+7.0
lef

86.19+7.9
1fg

149.68+1
2.52h

83.81+9.3
5fg

74.22+8.3
2ef

MC(mg/
ml)

153.13+1
4.3bc

125.57+9.

47a

239.65+2
3.52e

151.14+1
6.8bc

220.75%1
9.3de

223.13+2
1.6de

421.17+3
5.23h

184.15+1
7.2cd

102.13+1
0.09a

204.09+1
9.7de

294.15+2
7.32f

131.60+1
2.1ab

129.09+1
1.2ab

362.5+26.

029

297.25+2
3.11f

359.53+3
2.39

72 H STAGE GERMINATION

FRAP (mg
AAE/gm
FW)

530.7451.
99ab

539.7452.
02ab

549.6+55.
66ab

590.38+6
1.19a

519.3615
0.2ab

460.63+4
6.12b

519.8315
2.1ab

542.57+5
5.2ab

520.5615
2.2ab

592.82+5
8.33a

517.8515
1.2ab

612.93+5
9.12a

541.3615
3.2ab

324.12+3
2.08c

524.29+5
2.3ab

206.31+2
1.24c

NOS(mg/ml

1417.5+39.6
5b

1890.13+91.
3d

2213.85+11
8.2ef

2550.9+149.
399

2587.94+15
5.49

2428.8+141.
6fg

1045.30+23.
24a

1782.25+75.
42cd

1097.64+27.
33a

1476.66+45.
63b

4277.18+19
1.53i

1615.14+59.
71de

2005.81+10
4.29de

1133.33+22.
55a

2854.63+17
5.42h

NA

ALP(mg/ml
)

501.14+50.
34de

462.13+46.
02cde

398.57+39.
09bcd

364.77+35.
64bc

529.64+51.
18e

354.47+35.
36bc

211.29+20.
99a

321.33+31.
54b

371.33+36.
27hc

308.80+29.
89ab

525.93+53.
02e

522.76151.
98e

876.94+88.
549

690.66+68.
71f

510.36+50.
25e

457.97+45.
1lcde

BCB (%)

14.3610.
52de

16.19+0.
63cd

23.42+1.
29a

8.95+3.8
2h

19.67+1.
01b

1.14+0.1
6jk
10.0640.
93gh

13.05+0.
13ef

11.670.
12fg

5.14+0.5
5i

1.06£0.1
2jk
17.53+0.
63bc

18.65+0.
75b

4.84+0.4
2i

NA

2.8240.1
2ij

TPC (mg
GAE/gm)

0.4479+0.0
0412f

0.3082+0.0
0294k

0.4664+0.0
0425e

0.3753+0.0
0371i

0.4815+0.0
0449d

0.4993+0.0
0489c

0.5738+0.0
0581a

0.405+0.00
397g

0.33020.0
0331

0.5083+0.0
0517c

0.5582+0.0
0548b

0.3868+0.0
0379h

0.3803+0.0
037hi

0.5769+0.0
0568a

0.4651+0.0
0457e

0.5630+0.0
0558b

TFC(mg
QE/gm)
0.0171+0.00
13jk
0.022+0.002
1hij
0.0191+0.00
15ij
0.0231+0.00
21hij
0.0342+0.00
32cde

0.0296+0.00
28efg

0.0323+0.00
29def

0.0411+0.00
39ab

0.0395+0.00
37bc

0.0374+0.00
34bcd

0.0281+0.00
25fgh

0.0121+0.00
12k

0.0243+0.00
24gh

0.0221+0.00
2hij

0.0458+0.00
42a

0.0223+0.00
21hij

TCC(mg
BCE/gm)

0.0289+0.0
026¢

0.0265+0.0
024c

0.0567+0.0
053ab
NA
0.0628+0.0
062a

0.0483+0.0
045b

0.0531+0.0
051ab
NA
0.0217+0.0
019c

0.0338+0.0
032c

0.0024+0.0
020d

NA

0.0072+0.0
069d

NA

0.0036+0.0
033d

NA

Results are expressed as Mean + SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p < 0.05) by Duncan’s
Multiple Range Test (DMRT).

Table 4: Pearson Correlation coefficients between various phytochemical attributes and antioxidant activity of fenugreek
sprouts of different developmental phase.

TPC
TFC
MC
FRAP
ABTS
NOS
TCC
ALP
BCB

DPPH
0.692"
0.510"
0.339°
-0.351"
0.096
0.090
-0.071
0.186

-0.207

*

*

TPC

0.842"
0.461"

*

*

-0.263
-0.054
-0.007
-0.252
0.104
-0.334 -

Figures in bold indicate significant correlation; (*, **) = significant at p < 0.05 or 0.01, respectively.

TFC

0.322"
-0.176
-0.139
-0.014
-0.240
-0.023
0.370"

MC

-0.240
0.161
-0.092
-0.219
-0.155

-0.341"

FRAP

-0.659"
0.348
0.108
-0.051

0.413"

ABTS

-0.343"
-0.192
0.161

-0.341"

NOS

0.168
-0.025
0.337

TCC

-0.061
0.481"

ALP

0.137
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Maisarah et al.,” have also claimed a strong correlation

between carotene content and B- carotene protective
activity. Though a significant correlation was established
between phenolics and antioxidant activities such as
DPPH scavenging, metal chelating and [- carotene
protective activity, on the other hand, insignificant
correlation was also found between phenolics and other
antiradical activity. This might be due to the variation in
the stoichiometry of the reactions between the
antiradical components in the sprout extracts and the
various radicals, which may be considered as a probable
reason for the difference in their scavenging potential of
these free radicals. *°

CONCLUSION

In conclusion, the present study has illustrated significant
increase of antioxidant activity along with phenolics
content by elicited sprouting in fenugreek with sodium
nitroprusside and potassium ferricyanide. When analyzing
the time course of germination the stimulatory effect of
nitric oxide donors was most pronounced at the early
phases of germination i.e. from 24h to 48h and after that
the action was declined. The work supports the
hypothesis that nitric oxide donors offer significant role in
enhancement of phenolics and antioxidant activity during
the germination phase of fenugreek. This knowledge can
be used to design the sprouting techniques of fenugreek
for 48h stage for improving the nutritional and health-
relevant functional value of legume sprouts with these
elicitors.
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