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Zinc is an essential element for plant growth and development as it plays an important role in various metabolic processes with
nutritional enrichment. -e treatment with zinc sulfate is also economic. Momordica charantia is an economically important
medicinal plant reported for a range of pharmaceutical and pharmacological properties. In this study, nutripriming with zinc
sulfate (0.1%, 0.2%, and 0.3% solution) was applied to M. charantia seeds to optimize better dose. Based upon seedling es-
tablishment, 0.3% zinc sulfate was selected for final field experiment with randomized complete block design (RCBD) with five
replications. Improved germination percentage, vigor, total soluble sugars, chlorophyll-a, chlorophyll-b, total chlorophyll content,
and peroxidase activity were observed variably in leaves, fruit, and peel. Other nutritive components showedmaintenance in fruits
of treated plants indicating that the treatment did not cause any nutritive loss. Antimicrobial activity of leaves (in terms of the
minimum inhibitory concentration) against Staphylococcus aureus and Pseudomonas aeruginosa was positively correlated with
sinapic acid, vanillic acid, cinnamic acid, syringic acid, chlorogenic acid, benzoic acid, and ferulic acid. It has been concluded from
this study that seed priming with zinc sulfate can improve seedling establishment, photosynthetic pigments, and stable nutritive
value. -erefore, zinc from zinc sulfate priming has been proved as a beneficial fertilizer forM. charantia plant growth, yield, and
nutraceutical potential.

1. Introduction

Seed priming is one of the promising techniques that impart
positive effect upon plant growth, yield and metabolism.
Pre-sowing seed treatments range from hydropriming,
chemical, and biological to physical ones [1]. Improved seed
performance in the field has been observed in response to
these priming agents in terms of improved germination rate,
metabolic pool, and stress-tolerance amongst all hal-
opriming being comparatively easy to manage by a farmer is
practiced more than other strategies [2, 3].

Zinc is a micronutrient with versatile contributions in
plant physiology. It participates in regulation of different
enzymes of primary and secondary metabolism and par-
ticularly related to photosynthesis and hormonal regulation.
For years, plant scientists and farmers have been working on
zinc supplementation. Major emphasis has been upon ad-
dition of zinc salts in rooting medium [4]. In recent liter-
ature, there has been focus upon different zinc nanoparticles
too [5]. Root supplementation needs bulk of chemicals and
therefore becomes expensive and non-friendly for envi-
ronment. Nanoparticles need expensive series of technical
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work before plant growth. Hence, seed priming with zinc
salts may be a better option being economic and ecofriendly.

Momordica charantia (bitter gourd) has God-gifted
nutraceuticals and antioxidants. -erefore, extracts of
M. charantia have been reported with decreasing blood
sugar level in diabetes type II patients. Bitter gourd improves
the metabolic problems and has positive effects on the
glucose metabolism. Because of high antioxidant concen-
tration, the bitter gourd extract has the ability to inhibit the
growth of cancer cells as antioxidants protect cells from the
damage caused by free radicals, environmental toxins, and
poor nutrition. a and ß carotene, zeaxanthin, and lutein are
the antioxidants which are present in great amounts in bitter
gourd [6]. A rich quantity of vitamin A also occurs with
these antioxidants that protects the body from free radicals
and prevents premature aging and other problems [7–9].
Our research group has formerly explored the antimicrobial
potential ofM. charantia leaf extracts against Staphylococcus
aureus and Pseudomonas aeruginosa under the influence of
magneto priming [8]. It was hypothesized that the seed
priming with zinc sulfate could modulate primary and
secondary metabolism of M. charantia and hence improves
nutraceutical value of plants in terms of antimicrobial,
antioxidant, and antiglycation potential.

2. Materials and Methods

-e seeds of a local race ofM. charantia were collected from
Ayub Agricultural Research Institute (AARI), Faisalabad,
Pakistan. Seeds were taxonomically identified and confirmed
from the Department of Botany, Government College
University Faisalabad, Pakistan.

2.1. Pilot Experiment. A lab experiment was planned for
screening better dose of ZnSO4.7H2O (Sigma-Aldrich,

analytical grade, purity >99%) as priming agent.
M. charantia seeds (approx. 30 g) were subjected for pre-
sowing seed treatments with zinc sulfate (unprimed, hydro-
primed, 0.1%, 0.2%, and 0.3% solution) for 12 hours. -e
seeds were completely dipped in the solutions. Seeds were
sown in soil filled glass pots, five replicates, and completely
randomized design. Selection was made on the basis of
seedling establishment in terms of seed fresh and dry bio-
mass and germination percentage.

2.1.1. Germination Percentage. Incubation proportion of
emergence was calculated at the end of 7th day of incubation
test by the process designated by Ijaz et al. [10].

Gp �
Ng

Np
  × 100, (1)

where Ng is the last number of emerged seeds and Np is the
total number of seeds sown.

2.1.2. Mean Germination Time. Mean growth time (MGT)
in days was calculated as follows:

MGT �
(Dn)

 n 
, (2)

where n is number of seeds germinated on day D and n is
number of days counted from the beginning of the ger-
mination test.

2.1.3. Vigor Index Measurement. Seedling vigor was calcu-
lated by following Vashisth and Nagarajan [11].

Vigor index I � germination% × seedling length(root + shoot),

Vigor index II � germination% × seedling dry weight(root + shoot).
(3)

Similarly, number of leaves per plant was manually
counted of all plants in each row in the field and mean was
calculated. Ten plants were used for the estimation of these
traits. Shoot length was calculated using measuring tape
from the ground to the ligule of upper most leaf of plants of
each pot and then average length of each plant/shoot was
calculated. At the time of harvest (7th day), the plants were
uprooted form land and root length was recorded with the
help of scale and average was calculated. Total fresh weight
per plant was calculated by adding shoot and root fresh
weight of each plant. Plants were shade-dried and total dry
weight per plant was calculated based on dry weight of root
and shoot.

2.2. Final Field Experiment. Final field experiment with
selected dose (3% ZnSO4) was planned with Randomized

Complete Block Design (RCBD) with three replicates and
two harvests (at vegetative stage and final maturity stage).
Hydroprimed seeds were used as control. A distance of 2.5 to
3.5m was maintained between rows and there was a gap of
90 to120 cm between two plants. Experiment was conducted
in two consecutive growing seasons under natural field
conditions. Presented data is based upon average of both
experiments.

2.2.1. Photosynthetic Pigments. Photosynthetic pigments
were determined following the method of Bukhari et al. [8].
Fresh leaves (0.5 g) were ground in 80% acetone with pestle
and mortar. -e filtrate was made up to 10mL and ab-
sorbance was taken at 645 nm, 663 nm, and 480 nm using a
spectrophotometer. Estimations for quantity of chlorophylls
a, b, and total were made by the following formulas:
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Chl.a
mg

g
  � [12.7O D663 − 2.69(O D645)] ×

V

1000
× W,

Chl.b
mg

g
  � [22.9O D645 − 4.68(O D663)] ×

V

1000
× W,

Total Chl.
mg

g
  � [20.2O D645 + 8.02(O D663)] ×

V

1000
× W,

(4)

where Vis volume of the acetone used and Wis weight of leaf
used.

2.2.2. Antimicrobial Activity. Using water, acetone, and
methanol as solvents, three extractions of fresh leaf sample
(0.1 g for each extraction) were prepared. -en, antimi-
crobial activities were measured by Broth Micro Dilution
Method [12]. Briefly, the microdilution trays were first
prepared using 2–6-fold dilutions of each sample extract
volumetrically in broth. A new pipette was used for each
subsequent dilution step. -e extracts were dispensed into
the plastic microdilution trays. -e bacterial cultures of
S. aureus and P. aeruginosa were grown in proper growth
medium to prepare inoculum and 0.01mL of the suspension
was inoculated carefully into the broth. -e bacterial growth
was maintained approximately at 5×105CFU/mL (or
5×104CFU/well in the microdilution method). Using
growth method, the standardization of the inoculum was
prepared within 15min. -e standardized inoculum was
inoculated within 15min in each well of a microdilution tray
using an inoculator device to deliver a volume that would
not exceed 10% of the volume in the well. Colony counts of
inoculum suspensions were done followed by incubation at
35± 2°C for 16 to 20 h in an ambient air incubator. Finally,
the lowest concentration of leaf extracts that completely
inhibited the bacterial growth in the microdilution wells was
detected expressing the minimal inhibitory concentration
(MIC).

2.2.3. Catalase Activity. Catalase activity was assayed fol-
lowing the methods described by Bukhari et al. [8] and
Sharma [13] with minor modifications. Briefly, 0.5 g of
M. charantia samples (each of leaves, peel, and fruit) was
taken and homogenized in 1.5mL of 1 M phosphate buffer
(pH 7.0) by grinding in a pre-chilled mortar. -e homog-
enate was centrifuged at 15,000 rpm for 15min at 40°C and
supernatant was used for catalase activity analysis. Hydrogen
peroxide (H2O2) and phosphate buffer (3.0mL) were taken
in a cuvette, followed by the rapid addition of 40 μL of
enzyme extract and mixed thoroughly.-e time required for
a decrease in absorbance by 0.05 units was recorded at
240 nm in a spectrophotometer (Genesys 10-S, USA). One
enzyme unit was calculated as the amount of enzyme re-
quired to decrease the absorbance at 240 nm by 0.05 units.

2.2.4. Peroxidase Activity. POD was determined by the
methods of Bukhari et al. [8] and Bhargavi et al. [14] using
20mM guaiacol and H2O2 as a substrate. Briefly, 0.5 g of
plant material was extracted in 3mL of 0.1 M phosphate
buffer of pH.7.0 by grinding in a pre-chiller mortar. -e
homogenate was then centrifuged at 18,000 rpm for 15min
at 5°C. Supernatant was used as enzyme source within 2-4
hours, stored on ice till the assay was carried out.-en, 3mL
of the buffer solution, 0.05mL guaiacol solution, 0.1mL
enzyme extract, and 0.03mL hydrogen peroxide (H2O2)
solution were pipetted out in a cuvette. -e mixture was well
shaken and placed in the spectrophotometer. -e time re-
quired for the mixture to increase absorbance by 0.1 (Δt) at
430 nm was recorded and used in calculations.

The enzyme specific activity units g
− 1

f.wt.  �
500
Δt

  ×
1

1000
  ×

TV

VU
  ×

1
f. wt.

 ,

Δt � change in time(min),

TV � total volume of extract(mL),

UV � volume used(mL),

f.wt. � weight of fresh leaf tissues(g).

(5)

2.2.5. Total Soluble Proteins. For total soluble proteins, the
method of Bradford [14] was followed with some modifi-
cations as described by Bukhari et al. [8]. Briefly, 0.5 g of

M. charantia sample was homogenized with 1.5mL of 1 M

phosphate buffer of pH 7.0 by grinding in a pre-chiller
mortar. -e homogenate was centrifuged at 12,000 rpm for
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15min at 40°C and supernatant was used for total soluble
protein determination. -e spectrophotometer was warmed
up before use. First of all, Bradford reagent was prepared by
treating 0.1 g of Coomassie blue dye with 50mL of ethanol
and 100mL of orthophosphoric acid. -e total volume was
made up to 1,000mL and the mixture was filtered carefully.
-en, 0.1mL of the extract was taken and placed for 15min
at room temperature for proper reaction. A spectropho-
tometer was used to measure wavelength at 595 nm (Jenway,
6700; -ermo Fisher Scientific; USA). Bovine serum albu-
min was taken as a standard and calculations were made
using the standard curve.

2.2.6. Total Free Amino Acids. Total free amino acids were
determined following Noreen et al. [15] with some modi-
fications as described previously by Bukhari et al. [8]. Briefly,
0.5 g of M. charantia sample was homogenized with 1.5mL
of 1 M phosphate buffer (pH 7.0) by grinding in a pre-chiller
mortar. -e homogenate was centrifuged at 12,000 rpm for
15min at 40°C and supernatant was used for total free amino
acids analysis.-e extract (1mL) was taken in a test tube and
10% pyrimidine solution and 1mL of 2% ninhydrin solution
(solution was prepared by dissolving 2 g ninhydrin in
100mL dist. water) were added.-e test tubes containing the
mixture were heated at 100°C for 30min in a water bath and
then mixture (i.e., 2.7mL) was transferred into a 10mL
volumetric flask. -e final volume of the mixture was made
up to 10mL with distilled water. -e optical density of the
solution was measured at 570 nm with the help of a spec-
trophotometer (Jenway 6700; -ermo Fisher Scientific;
USA). Calculations were made using the standard curve
prepared with proline.

2.2.7. Total Soluble Sugar. Total soluble sugar was deter-
mined by the method defined by Bukhari et al. [8] and Van
Handel [16]. Briefly, 0.5 g of M. charantia samples (each of
leaves, peel, and fruit) was taken and homogenized in 1.5mL
of 1 M phosphate buffer (pH 7) by grinding in a pre-chilled
mortar. -e homogenate was centrifuged at 15,000 rpm for
15min at 40°C and supernatant was used for total soluble
sugar analysis. -e extract (100 μL) was taken in a test tube
and 900 μL of dist. H2O was added. After that, 3mL of
anthrone reagent was added and the test tube was incubated
in a shaker for 5min at 120 rpm and then set in a water bath
at 95°C for 10min. -e reaction mixture was cooled and
absorbance was taken at 625 nm. -e amount of soluble
sugars in the sample was calculated using glucose standard

curve prepared by plotting concentration of the standard on
the X-axis versus absorbance on the Y-axis.

2.2.8. Total Phenolic Contents. Contents of total phenols
were determined as reported by Ustaömer et al. [17] using
Folin–Ciocalteu reagent method.-e dilutions were made to
ensure the oxidation of 1mL of Folin-Ciocalteu reagent with
200 μL of water followed by the neutralization with 2mL of
7.5% sodium carbonate (w/v). Finally, this volume was made
up to 7mL with distilled water. -e absorbance of the
resulting blue color was measured at 765 nm on spectro-
photometer with a 1 cm cell after incubation for 2 hours in
the dark at room temperature. Gallic acid was used as a
standard for the calibration curve.

2.2.9. Total Flavonoid Contents. Total flavonoid contents
were determined by colorimetric assay [18] with minor
modifications.-e diluted sample (1mL) from the above was
added to a 10mL volumetric flask containing 4mL of dis-
tilled water followed by immediate addition of 0.6mL of 5%
NaNO2, 0.5mL of 10% AlCl3 after 5min, and 2mL of 1 M

NaOH after 1min. Furthermore, each reaction flask was
then immediately diluted with 2.4mL of distilled water and
mixed. -e absorbance of the pink color solution was noted
at 510 nm. -e quercetin (μg/g) was used as a standard for
the calibration curve.

2.2.10. Antiglycation Activity. In 1 g of sample, 1.5mL
methanol (50%) was added and centrifuged at 1500 rpm for
10min. -e supernatant was used for analysis of anti-
glycation activity. -e advanced glycation end-products
(AGEs) formation was assessed by characteristic absorbance
[19]. Briefly, the reactionmixture of 150 μL D-glucose, 150 μL
bovine serum albumin (BSA in 1mL sodium phosphate
buffer, pH 7.2), and 150 μL sample was incubated at room
temperature for 7 days. -e absorbance was measured using
a spectrophotometer at a wavelength of 440 nm.-e reaction
mixture without D-glucose was used as a blank. Measure-
ments were performed in duplicate.

2.2.11. Calculation of 50% Inhibitory Concentration (IC50%).
-e IC50 value is a quantitative measure and used to show
how much of a particular inhibitory substance will be re-
quired for in vitro inhibition of a specific biological process
or component by 50%.-e% inhibition was calculated using
the following equation:

% inhibition �
absorbance of control − absorbance of sample

absorbance of control
× 100. (6)

2.2.12. Quantitative Analysis of Phenolic Profile through
HPLC. HPLC was done for the investigation of individual
phenolic profile following the procedure reported by Hus-
sain et al. [20] with slight modifications previously described

by Bukhari et al. [8]. Leaves and fruit samples (i.e., 1 g of
each) ofM. charantia were preserved in liquid nitrogen and
0.5 g of each sample was taken and homogenized with
1.5mL of HPLC grade three extraction solvent combinations
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(80 : 20 v/v ethanol:H2O, 70 : 25 : 0.5 v/v/v methanol:H2O :
HCl, and 50 : 50 v/v dimethyl sulfoxide (DMSO):methanol).
Freeze-dried homogenate was centrifuged at 18,000 rpm for
15min at 4°C and supernatant was used for HPLC analysis.
Varian HPLC using ODS (C18) reversed phase column was
used for the identification of phenolic acids present in ex-
tracts. To separate different phenolic acids, two solvents (i.e.,
solvent 1, acetonitrile (70): methanol (30) and solvent 2,
0.5% glacial acetic acid) were used as mobile phase with a
constant flow rate of 1mL/min in gradient mode. Micro-
syringe was used to inject the sample in the column and
volume of sample injected was 20 μL. Detection was carried
out at 275 nm. Identification of phenolic acids was per-
formed by correlating their relative retention times with
those of standard mixture chromatogram. -e amounts of
individual compounds were measured based on peak area
measurement.

2.3. Statistical Analysis. MS Excel was used for graphical
presentation of the data. All determinations were made in
complete randomized designs. -e presence or absence of
significant difference among different factors was as cur-
tained with the analysis of variances (ANOVA). -e means
were compared with least significant difference (LSD) at the
level of significance of 0.05. Overall interaction of all the
factors was checked for significance using computer soft-
ware CoStat CoHort (6.4).

3. Results

3.1. Pilot Experiment

3.1.1. Percentage of Final Emergence Rate. It was found that
the final emergence percentage rate of M. charantia seeds
treated with 0.3% of zinc sulfate solution had a higher
percentage of emergence as compared to 0.1% and 0.2%
solutions (Figure 1(a)). Moreover, it was also found that
control group with hydropriming had higher final emer-
gence rate (i.e., 22%) as compared to unprimed (18%).
-erefore, a positive correlation for final emergence rate was
observed between zinc sulfate treated and water treated
plants and the percentage of final emergence rate in zinc
sulfate treated seeds of M. charantia was significant
(p< 0.05) as compared to untreated samples.

3.1.2. Emergence Index. It was found that 0.3% zinc sulfate
solution has higher emergence index that was comparable
with the control groups (Figure 1(b)), so that emergence
index in zinc sulfate treated M. charantia seeds was sig-
nificant (p≤ 0.05) as compared to untreated samples.

3.1.3. Vigor Indices I and II. -e vigor indices I and II in zinc
sulfate treatedM. charantia seeds were significant (p≤ 0.05)
as compared to untreated samples (Figures 1(c) and 1(d)).

3.2. Growth Attributes

3.2.1. Root Length and Shoot Length. Statistical analysis of
plant root length and shoot length revealed a significant
effect of treatment according to the analysis of variance data
(p≤ 0.05). In plants treated with zinc, root length remained
unaffected as compared to untreated plants (Figure 2(a)),
while shoot length of zinc-treated plants was improved as
compared to control plants (Figure 2(b)).

3.2.2. Root Fresh Weight and Shoot Fresh Weight. -e root
fresh weight indicated nonsignificant results (p≤ 0.05) of the
treatment in plants (Figure 2(c)) whereas shoot fresh weight
showed highly significant effect of treatment according to
the analysis of variance data (p≤ 0.05). Plants treated with
zinc showed higher shoot fresh biomass as compared to
control plants (Figure 2(d)).

3.2.3. Leaf Fresh Weight and Leaf Area. Results of statistical
analysis of leaf fresh weight indicated highly significant effect
of treatment according to variance data (p≤ 0.05). Plants
treated with zinc had leaf fresh weight greatly increased as
compared to control plant (Figure 2(e)) whereas leaf area by
statistical analysis represented non-significance (p≤ 0.05)
for the treatment (Figure 2(f )).

3.2.4. Number of Flowers and Fruit Weight. Statistical
analysis of fruit weight indicated nonsignificant effects
(p≤ 0.05) of treatment (Figure 2(g)) whereas number of
flowers indicated highly significant effects of treatment
according to the variance data (p≤ 0.05). -e number of
flowers was increased in the plants treated with zinc as
compared to the untreated plants (Figure 2(h)).

-e data presented is the mean of three replicates. Values
are mentioned as mean (±SD). Treatments with significant
differences (p≤ 0.05) are mentioned as ‘a’ and ‘b’.

3.2.5. Germination %Age. Statistical analysis of germination
percentage revealed significant effect (p≤ 0.05) of the
treatment as zinc sulfate treated plants had shown higher
germination percentage (55.76± 5.72) as compared to
control plants (26.67± 5.77).

3.3. Field Experiment

3.3.1. Total Soluble Sugar and Protein. Results of statistical
analysis of total soluble sugar expressed nonsignificant ef-
fects (p≤ 0.05) of treatments in leaves (Table 1) and whole
fruit (Table 2). However, there was a decline in peel (Table 2).
Protein in leaves had a significant effect of treatment
according to the variance data (p≤ 0.05). Plants treated with
zinc had reduced protein in leaves as compared to control
plants (Table 1) whereas in fruit it showed marked increase
and in peel it was with insignificant difference (Table 2).
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3.3.2. Phenolic and Flavonoid Contents. Plant phenolic and
flavonoid contents in leaves revealed significant results of
treatment according to analysis of variance data (p≤ 0.05).
Plants treated with zinc sulfate had a gradual decrease in
these secondary metabolites (Table 1).

3.3.3. Free Amino Acids. Free amino acids revealed non-
significant results of treatment according to analysis of
variance data (p≤ 0.05). Plants treated with zinc sulfate had
a gradual increase in free amino acids of fruit peel (Table 2)
whereas it was nonsignificant for other two parts (Table 1).

3.3.4. Photosynthetic Pigments. Statistical analysis of plant
chlorophyll-a and chlorophyll-b and total chlorophyll in
leaves indicated significant effects (p≤ 0.05) of the treatment
as their levels were increased as compared to those of control
plants (Table 1).

-e data presented is the mean of three replicates. Values
are mentioned as mean (±SD). Treatments with significant
difference (p≤ 0.05) are mentioned as ‘a’ and ‘b’.

3.3.5. Antiglycation. Zinc sulfate treatment on seeds of
M. charantia has no effect on the antiglycation level in its
fruits.

3.3.6. Phenolic Profile. Freeze-dried samples (leaf, fruit) of
M. charantia showed significant difference between zinc
sulfate treated and untreated plants (i.e., represented by
analysis of variance). In leaves, the concentrations of
quercetin and cinnamic acid were decreased after zinc
sulfate treatment (Figure 3). In fruits, the concentration of
quercetin was decreased after zinc sulfate treatment while
concentrations of caffeic acid and syringic acid were found
to be 8.64 ppm and 3.77 ppm, respectively, and both phe-
nolics were not detected in control M. charantia plants
(Figure 4). Fruit phenolics (Table 3) showed a significant
correlation with metabolizable energy (the physiologically
useful energy obtained when protein, fat, or carbohydrate is
catabolized), peroxidase, and free amino acids while they
showed a nonsignificant correlation with nutritive param-
eters. -e HPLC chromatogram of phenolic profile of
standards is shown in Fig. S1.
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Figure 1: Optimization of zinc sulfate level as priming agent for M. charantia in terms of seedling establishment.
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3.3.7. Antimicrobial Activity. At the vegetative growth stage,
non-treated leaf extracts exhibited better activity in meth-
anol extract followed by acetone and water. Zinc sulfate

treatment improved antimicrobial activity in each extraction
against P. aeruginosa but only inmethanol extraction against
S. aureus (Figure 5). Both bacterial species showed positive
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Figure 2: Effect of zinc sulfate seeds priming upon morphological parameters of (M) charantia. (a) Root length, (b) shoot length, (c) root
fresh weight, (d) shoot fresh weight, (e) leaf fresh weight, (f ) leaf area, (g) fruit weight, (h) no. of flowers.

Journal of Food Quality 7



Table 1: Biochemical analysis of zinc sulfate treatment on seed priming of M. charantia at biochemical attributes of vegetative tissues in
leaves.

Biochemical analysis Control M. charantia Treated M. charantia
Total soluble sugar (%) 28.43± 3.11a 30.54± 2.26a
Protein (mg/g) 27.4± 1.162a 20.16± 0.04b
Phenolic content (mg/g) 10.21± 0.01a 4.76± 0.02b
Free amino acids (mg/g) 4.07± 0.06a 3.6± 0.36a
Chlorophyll-a (mg/g) 2.85± 0.01b 6.34± 0.58a
Chlorophyll-b (mg/g) 3.78± 0.66b 7.33± 0.68a
Flavonoid (mg/g) 6.86± 0.01a 3.07± 0.06b
Total chlorophyll content (mg/g) 7.16± 1.03b 17.67± 0.58a
Catalase (U/g) 542.4± 17.86a 466.87± 57.39a
Peroxidase (U/g) 5.68± 0.01a 6.44± 0.33a
Carotenoids (μg/g) 5.03± 0.06a 3.28± 0.49a
Anthocyanin (mg/g) 0.66± 0.002a 0.54± 0.001a

Table 2: Biochemical attributes of zinc sulfate treatment on seed priming of M. charantia for nutritive analysis in fruit and peel.

Fruit Peel
Proximate analysis Control Treated Control Treated
Free amino acid (mg/g) 10.44± 0.05a 8.43± 0.02a 0.5± 1.05b 1.96± 0.31a
Crude fiber (%) 3.08± 0.04a 2.81± 0.02a 3.4± 0.44a 3.62± 0.10a
Protein (mg/g) 26.62± 1.57b 76.20± 3.56a 26.78± 0.68a 28.63± 0.15a
Total soluble sugar (%) 39± 3.46a 40.53± 1.65a 31.6± 0.07a 30.05± 0.2b
Ash (%) 14.93± 0.46a 20.53± 2.57b 15.82± 0.75a 15.38± 0.75a
Peroxidase (U/g) 2.24± 0.41a 3.04± 0.56a 2.43± 0.57b 5.64± 0.25a
Catalase (U/g) 322.9± 48.52a 347.47± 34.76a 374.3± 17.31a 290.13± 4.69a
Oil (%) 0.96± 0.01a 0.96± 0.01a 0.97± 0.01a 0.96± 0.01a
Metabolize energy (kcal/100 g) 17.05± 0.77b 30.94± 0.86a 17.05± 0.77b 28.94± 0.86a
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Figure 3: HPLC chromatograms of (M) charantia (L) leaves for phenolic profile. (a) Control, (b) zinc sulfate priming.
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Figure 4: HPLC chromatograms of (M) charantia (L) fruit for phenolic profile. (a) Control, (b) zinc sulfate priming.
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correlations to peroxidase, sinapic acid, vanillic acid, cou-
maric acid, syringic acid, chlorogenic acid, benzoic acid, and
ferulic acid (Table 3). Both bacterial species revealed a
nonsignificant correlation with catalase, chlorophyll-a,
chlorophyll-b, total chlorophyll content, proteins, soluble
sugar, amino acids, carotenoids, anthocyanin, flavonoid, and
quercetin (Table 3).

Results of correlation among fruit phenolics with nu-
tritive parameters of M. charantia are given in Table 4. -e

ferulic acid and coumaric acid in zinc treated fruit of
M. charantia showed a direct correlation to metabolizable
energy, peroxidase, and free amino acids while an indirect
correlation to catalase, soluble sugar, and proteins. Benzoic
acid, quercetin, and phenolic acid directly correlated to
catalase and soluble sugar and indirectly correlated to
metabolizable energy (i.e., the physiologically useful energy
obtained when protein, fat, or carbohydrate is catabolized),
peroxidase, protein, and amino acids. Sinapic acid and

Table 3: Correlation matrix of leaf antimicrobial activity with enzymes, and primary and secondary metabolites of M. charantia.

Pathogen
Enzymes Primary metabolites Secondary metabolites

Catalase Peroxidase Chl-a Chl-b Chl-tot Proteins Soluble sugar Amino
acids Carotenoid Anthocyanin

P. aeruginosa ns ns ns ns ns ns ns ns ns ns
S. aureus ns 0.7∗∗∗ ns ns ns ns ns ns ns ns

Pathogen
Secondary metabolites

Flavonoid Sinapic
acid

Vanillic
acid

Cinnamic
acid

Coumaric
acid

Syringic
acid

Chlorogenic
acid

Benzoic
acid Quercetin Ferulic acid

P. aeruginosa ns 1∗∗∗ 1∗∗∗ 1∗∗∗ 0.5∗ 1∗∗∗ 1∗∗∗ 1∗∗∗ ns 1∗∗∗
S. aureus ns 1∗∗∗ 1∗∗∗ 1∗∗∗ 1∗∗∗ 1∗∗∗ 1∗∗∗ 1∗∗∗ ns 1∗∗∗

ns: non-significance at p< 0.05 and stearic. -e symbols ∗, ∗∗, and ∗∗∗ indicate significant correlation.
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cinnamic acid were directly correlated to metabolizable
energy, peroxidase, proteins, and amino acids while they
were indirectly correlated to catalase and soluble sugars.

4. Discussion

Zn priming in the form of halopriming [21] and nano-
particle [5] has been reported with positive outcomes in a
number of crops including wheat [22] and maize [23].
Currently, zinc sulfate priming has showed its potential to
effect upon growth and metabolism of M. charantia.

In this study, increase in percentage of final emergence
rate, emergence index, vigor indices I and II, shoot length,
shoot fresh weight, leaf fresh weight, and number of flowers
was observed.-ese findings are in line with Rouhi et al.[24].
Zinc induced betterment of growth, yield, and seedling
establishment could be justified by the role of zinc in en-
zymatic activities associated with auxin metabolism. Zinc
plays a crucial role in the efficiency of growth regulation as a
structural component and cofactor [25]. Mallikarjuna et al.
[26] have given molecular evidences about direct correlation
of zinc availability of plants with regulation of ethylene,
auxin, gibberellins, and cytokinin like growth regulators
hence implying the role in growth and development of plants
as depicted by current findings.

Photosynthesis is related to shoot biomass and it varies
with the provision of zinc. -e limited zinc availability may
cause structural damage on photosynthetic, particularly,
bundle sheath cells and chloroplast structure. It is related to
the possible inhibition of the gene expression responsible for
chlorophyll biosynthesis. Additionally, the genes responsible
for thylakoid structural organization are noted to be
downregulated in case of limited zinc supply hence indi-
cating role of zinc provision to photosynthesis. -e corre-
lation of photosynthetic rate and zinc supply is in line with
our work [27]. Here, we have noted enhanced chlorophyll-a
and total chlorophyll. Photosynthetic pigments have a vital
role in biological metabolism ranging from their effects upon
plants to the metabolism of consumers. For years, chloro-
phyll-a to chlorophyll-b ratio and total chlorophyll content
were considered as an index for the betterment of plants and
their consumers [28]. -ere was a substantial enhancement
of chlorophyll-a, chlorophyll-b, and total chlorophyll con-
tents in zinc sulfate primed M. charantia leaves samples.
Better photosynthetic activity is always found related to
better yield [29].

In the present study, though the fruit weight remained
ineffective by zinc sulfate priming, however positive effect of
priming upon number of flowers indicated that individual
fruit weight even being the same may affect total yield in
response to improved chlorophyll contents. Previously, both
the positive and negative effects of zinc sulfate seed treat-
ments have been reported which were varied with treatment
doses and crop species. It has been suggested that zinc sulfate
priming could change free radical or ionic oscillations and
movements and improve levels of photosynthetic pigments
along with some other metabolic variations [30].

Similarly, seed priming of Phaseolus vulgaris (L.) with
zinc improved the yield significantly [31]. Ahmad et al. [32]
discussed that seed priming with novel synthetic zinc fer-
tilizers such as [Zn(Arg)2] and [Zn(His)2] could be more
suitable alternatives in relation to commercial applications
of zinc sulfate in the soil. -e seed priming with zinc is an
affordable and practical way for increasing zinc amount in
seeds before their sowing which benefits seedling growth and
plants show enhanced yield and biomass [33]. Pengel and
Graham [34] showed that zinc contents when increased
from 0.25 μg to 0.70 μg per seed significantly improved the
growth of root and shoot and therefore it could be concluded
that high contents of zinc in seeds could act as starter
fertilizer.

Formerly, in a number of studies, zinc application has
proved its importance with reference to protein contents in
wheat [35] and mungbean [36] where dose-dependent effect
of zinc was noted upon crude protein. -ey observed that
zinc deficiency affects nitrogenmetabolism in the corn plant.
In contrast, Sagardoy et al. [37] observed the antagonistic
effect of zinc along with nitrogen in the sugar beet (Beta
vulgaris L.) hydroponically grown. In the current study,
M. charantia manifested marked enhancement in whole
fruit of plant grown from zinc-primed seeds. Recent pro-
teomic studies related such zinc based changes in protein
with the possible role of zinc in chlorophyll production and
related membranous structures [27].

Plant phenolics are one of the blessings for herbal
consumers. Phenolics with their nutraceutical role in human
being and stress tolerance in plants have made their eminent
position in literature. Gąsecka et al. [38] found variable
pattern of phenolics in zinc treated plants. -ey noted
enhancement of syringic acid, ferulic acid, p-coumaric acid,
caffeic acid, t-cinnamic acid, vanillic acid, and naringenin.
Our findings partially agree with them where primed plants
showed enhanced accumulation of syringic acid, sinapic

Table 4: Correlation matrix of fruit phenolics with nutritive parameters of M. charantia.

Acids Metabolizable energy Catalase Peroxidase Ash Soluble sugar Protein Crude fiber Oil Amino acid
Ferulic acid 0.98∗∗∗ −0.97∗∗ 0.97∗∗∗ ns −0.93∗∗ −0.91∗∗ ns ns 0.9∗∗∗
Coumaric acid 0.98∗∗∗ −0.97∗∗ 0.97∗∗∗ ns −0.93∗∗ −0.91∗∗ ns ns 0.9∗∗∗
Benzoic acid −0.98∗∗∗ 0.97∗∗ −0.97∗∗∗ ns 0.93∗∗ -0.91∗∗ ns ns −0.9∗∗∗
Sinapic acid 0.98∗∗∗ -0.97∗∗ 0.97∗∗∗ ns −0.93∗∗ 0.91∗∗ ns ns 0.9∗∗∗
Cinnamic acid 0.98∗∗∗ -0.97∗∗ 0.97∗∗∗ ns −0.93∗∗ 0.91∗∗ ns ns 0.9∗∗∗
Quercetin −0.98∗∗∗ 0.97∗∗ −0.97∗∗∗ ns 0.93∗∗ -0.91∗∗ ns ns −0.9∗∗∗
Phenolic acid −0.98∗∗∗ 0.97∗∗ −0.97∗∗∗ ns 0.93∗∗ −0.91∗ ns ns −0.9∗∗∗

ns: non-significance at p< 0.05. -ee symbols ∗, ∗∗, and ∗∗∗ indicate significant correlation.
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acid, vanillic acid, ferulic acid, coumaric acid, and benzoic
acid contents in M. charantia leaves. In the same way, re-
duction of some phenolics (i.e., quercetin and cinnamic
acid) in M. charantia leaves indicated that zinc has some
metabolic link with phenylpropanoid pathway responsible
to upregulation and downregulation of some genes asso-
ciated with the above-mentioned phenolics. It indicates that
the effect of zinc in modulation of phenolic metabolism
varies from species to species. Positive correlation of phe-
nolics with antimicrobial activities against P. aeruginosa and
S. aureus has confirmed the enhanced nutraceutical value of
treated plants. Positive correlation of phenolics with anti-
microbial activity is in accordance with previous literature.
As the zinc priming showed its potential to enhance phe-
nolics content, hence it can be related to the findings of
Afonso et al. [39] as scientific justification.

5. Conclusion

Products of phenylpropanoid pathway are enhanced with
zinc priming of M. charantia that improved pharmaceuti-
cally important phenolics (e.g., syringic acid, sinapic acid
vanillic acid, ferulic acid, coumaric acid, and benzoic acid).
Additionally, zinc treated plants were found with better
seedling establishment, photosynthetic pigments, and stable
nutritive value and therefore proving it as a beneficial fer-
tilizer forM. charantia plant growth, yield, and nutraceutical
potential.
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