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Abstract: Panax ginseng C.A. (P. ginseng) Meyer has been in use since ancient times for its therapeutic
activities. Although several studies have investigated the roles of phytoconstituents in human and
animal health, no comparative studies have been conducted to test the efficacy of P. ginseng leaf,
fruit and root. Therefore, this study aimed to identify the antioxidant and anticorrosion activities of
ginseng prepared using five different solvents. The methanolic fruit extract showed comparatively
good activity in all assays. The total phenolic content (TPC) was higher in fruit (95.21 mg/g), followed
by leaf (39.21 mg/g) extracted in methanol solvent compared other solvents. The total flavonoid
content (TFC) of fruit methanolic extract was 50.21 mg/g, which was followed by fruit extracted
in ethanol (41.33 mg/g). The same phenomenon was observed in all antioxidant studies. Through
Ultrahigh Performance Liquid Chromatography (UHPLC), the presence of 23 phenolic components
categorized as hydroxycinnamic acids, hydroxybenzoic acids and a few other groups that play a vital
role in antioxidation was identified. Phenols such as chlorogenic acid (1002.2 µg/g), gentisic acid
(854.21 µg/g) and rutin (165.32 µg/g) were found in higher amounts in fruit whereas leaf showed
significant amounts of m-coumaric acid (185.32 µg/g) and p-coumaric acid (125.24 µg/g). The anti-
corrosive property of the fruit extract of the ginseng with methanol as a solvent was analyzed for a
copper specimen exposed to 1 M HCl medium and found to have 96% corrosion inhibition efficiency
at a 1000-ppm concentration. The smooth surface of the specimen exposed to corrosive media shown
in a field emission scanning electron microscope (FESEM) image confirms that the specimen was
protected from corrosion, and energy-dispersive X-ray spectroscopy (EDX) spectra show that the
loss of Cu is reduced in inhibited metal surface. Atomic force microscopy (AFM) images and surface
roughness factor also validate the corrosion inhibition characteristic of ginseng plant extract.

Keywords: ginseng; phenolic compounds; antioxidants; corrosion; copper; FESEM-EDX; AFM

1. Introduction

This deciduous perennial plant belongs to the Araliaceae family, which has 13 different
species. The most important species originate from different places, such as Panax ginseng
C.A. Meyer seen in China, Japan, Germany, Korea and Russia; Panax quinquefolius L. from
American countries; Panax japonicas C.A. Meyer in Japan; Panax notoginseng (Burk.) F.H.
Chen from China; Panax trifolius L. from Wisconsin to Nova Scotia; and Panax pseudoginseng
Wallich, Panax major Ting and Panax omeiensis J. Wen from the eastern Himalayas and
Nepal. The three different types of ginseng are produced from the cultivated Korean
species Panax ginseng C.A. Meyer. Differences in harvest times and processing methods
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give rise to all three varieties [1–4]. Aromatic hydroxylated constituents, commonly known
as polyphenols, are found in greens, fruits, herbs and vegetables. Many published reports
have emphasized the influence of these compounds on human health [5–8]. These phenolic
derivatives of one of the secondary metabolites (ginsenosides) are known to exert diverse
biological properties, such as antibiotic, anti-tumor, antioxidant, and antimicrobial activities.
Hence, the incorporation of these phenolic compounds into our daily diet helps to reduce
the risk of numerous degenerative and chronic diseases [9]. Many bioactive elements such
as phenolic components, ginsenosides, essential oils, proteins and polysaccharides are
found in several varieties of ginseng. Different types of ginseng such as red, white and
black ginseng are prepared from a single variety by following different manufacturing
processes [10]. Fresh ginseng is steamed at 95–100 ◦C for some time to produce red ginseng;
dried in sunlight for a considerable amount of time to produce white ginseng; or steamed
more than nine times for 3 h at 95–100 ◦C to produce black ginseng [11–13].

Diverse types of ginsenosides were identified in various studies which showed the
importance of ginseng in pharmacology [14–16]. Ginsenosides are steroids, glycosides
and triterpenoids saponins which can be separated into two categories: protopanaxadiol
ginsenosides and protopanaxatriol ginsenosides. There are a wide variety of saponins,
including Ra1-Ra3, Rb1-Rb3, MA-Rb2, Rc, MA-Rc, Rd, MA-Rd, Rg1-Rg3 and Rh1-Rh3,
which have been separated using HPLC. In addition, they also encompass many other
components, such as quinoquenosides (Q), malonyls (MA), ocotillol, protopanaxatriols
(PPT), glucopyranosyl (Glc) and oleanolic acid (Ro) [17–19]. The effects of the human
gamma herpes virus, Kaposi’s sarcoma-associated herpes virus (KSHV) and Epstein–Barr
virus (EBV) are inhibited by 20(R)-ginsenoside Rh2. Several researchers have also shown
the importance of ginsenosides in treating diseases such as multicentric Castleman’s
disease, primary effusion lymphoma, Hodgkin’s disease, nasopharyngeal carcinoma and
AIDS-associated epidemic Kaposi’s sarcoma [20–22]. Given the importance of plants as
a source of bioactive compounds with biological importance, this study was designed to
investigate the phenolic compounds present in Panax ginseng from Korea and to compare
the antioxidant and antimicrobial activities of the phenolic compounds.

The significance of the ginseng fruit as a corrosion inhibitor for copper in acid medium
was investigated. Corrosion of metals is an inevitable process which reduces the life-
time of the metals. There are many types of metals used for the day-to-day activities
of human life [23–25]. One among the common metals used for many applications in
industries is copper, due to its superior engineering properties [26]. Like all other metals,
copper is also victim of corrosion due to the exposure to aggressive media, particularly
acids [27,28]. To protect copper from corrosion, many green organic inhibitors from plants
were identified and presented in recent literature [29,30]. Many plants were identified as
corrosion inhibitors, particularly for copper corrosion under acid medium [31]. A few can
be quoted particularly for inhibiting copper corrosion exposed to HCl—for instance, Ligu-
laria fischeri [32], Zenthoxylum alatum [33], Rhizopora apiculata [34], Lawsonia inermis [35] and
Phoenix dactyligera [36]. In addition to the antioxidant nature of P. ginseng, its anti-corrosive
property is also a focus of this paper. This paper optimizes the maximum inhibition effi-
ciency of P. ginseng fruit extract in methanol at various concentrations from 100 to 1000 ppm
in increments of 100 ppm. Weight loss, temperature studies and field emission scanning
electron microscope (FESEM), energy-dispersive X-ray spectroscopy (EDX) and atomic
force microscopy (AFM) analyses were carried out to confirm the anti-corrosive potential
of ginseng.

2. Materials and Methods
2.1. Collection and Extraction of Plant Materials

The plant materials required for this research (P. ginseng) were collected from Seoul,
Republic of Korea, in November 2019. The samples were washed thoroughly in running
tap water to remove dust and sand particles. The test samples (root, leaf and fruit) were
separated and dried at 303 ± 1 K in a hot-air oven to remove moisture. The dried materials
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were powdered and extracted with respective solvents as described in a previous proto-
col [37,38]. Each sample (100 g) was extracted with 5 × 2 L of each solvent (HPLC-grade
water, methanol, ethanol, ethylene acetate and acetone) for 24 h and then stored in vacuo
for the removal of solvents. The crude extracts obtained were resuspended in 0.5 L distilled
water, to which 0.2 L of each solvent was added to extract it until a colorless solution
evolved. At the end of extraction, all solvents were removed in vacuo, leaving the extracted
sample for future use.

2.2. Estimation of Total Phenols, Total Flavonoids and Individual Phenolic Compounds

The total phenolic content (TPC) in all samples was estimated as per the method
described by Liang et al. [39]. The procedure described by Prabakaran et al. [40] was
followed for the detection of the quantity of flavonoids (total flavonoid content, TFC) in the
test samples. The preparation and extraction of the phenolic compound were performed
in accordance with the procedure of Prabakaran et al. [41]. The analysis of polyphenols
by UHPLC (Thermo Accela UHPLC (Thermo, New York, NY, USA) using C18 Waters
Symmetry 150 × 4.6 mm2, 5 µm, LiChrospher 250 × 4.6 mm2, 5 µm, and Phenomenex®

Luna, 250 × 4.6 mm2, 5 µm, was able to identify hydroxybenzoic acid derivatives, hydrox-
ycinnamic acid derivatives, flavonols and many other phenolic groups [42].

2.3. Antioxidant Activity

The nitric oxide radical-scavenging ability of the test samples was assessed in accor-
dance with previously described methods by Boora et al. [43]. The free radical hydrogen
peroxide (H2O2) was scavenged by modifying the method from Hazra et al. [44] with
some changes. The total antioxidant activity of the extracts was confirmed by using the
phosphomolybdenum method as previously prescribed [45].

2.4. Corrosion Studies
2.4.1. Weight Loss Analysis

Weight loss analysis is a common method of determining corrosion inhibition effi-
ciency of any inhibitor. In this method, the metal sample was cut into 3 cm × 1 cm ×
0.5 cm size, polished well to remove the unwanted metals present on the surface and
cleaned with acetone to eliminate moisture and impurities, and the initial weight of each
specimen was noted. The prepared metal specimens were kept in beakers with 100 mL
HCl solution with and without inhibitor in such a way that the metal should not have
physical contact with the inner surface of the beakers. The specimens were submerged in
1 M HCl at room temperature (303 ± 1 K) for 3 h in beakers with different solutions—one
was a blank solution without inhibitor and others were with inhibitors (methanolic ginseng
fruit extract with 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 ppm). After 3 h of
exposure in an acidic corrosive environment, the metal specimens were taken out and
weighed after cleaning and drying as per the American Society for Testing and Materials
(ASTM) specification. Loss in weight was calculated from the difference between initial
and final weights for all the specimens. Then, the corrosion inhibition efficiency (IE %) was
obtained from the following expression [46–48].

IE (%) = (W0 − Wi)/(W0) × 100 (1)

θ = (IE%)/100 (2)

where W0 is the loss in weight without inhibitor and Wi is the loss in weight with inhibitor.

2.4.2. Temperature Studies

The same weight loss measurement was carried out to understand the behavior of
the inhibitor by increasing the temperature from room temperature to 313, 323, 333 and
343 ± 1 K. The specimens were dipped in 1 M HCl solution with and without inhibitor for
3 h at various temperatures, as mentioned above. Then, the weight loss of each specimen
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was noted and the corresponding efficiency was calculated. The inhibitor was prepared
from ginseng fruit extract with methanol as a solvent at different concentrations from 100
to 1000 ppm.

2.4.3. Field Emission Scanning Electron Microscope (FESEM) and EDX Studies

The surface of the corroded metal specimen was observed using an FESEM to under-
stand the difference between corroded and non-corroded specimens. To achieve this, a
copper specimen with a 1-cm2 surface area was immersed in 1 M HCl solution for 3 h and
the specimen was taken out and washed in distilled water. After drying, the specimen
was scanned in an FESEM (LEO-1530 Model) for morphology studies. In the same acidic
environment, the specimen was immersed in 1000 ppm concentration of inhibitor and the
same procedure was repeated to study the morphology of the specimen. EDX studies were
performed (Bruker, Germany,FlatQuard Model) to find out the composition of the products
formed on the copper metal surface due to corrosion with and without inhibitor. In this
study, a micro-analyzer electron probe was used to examine thin film coatings that formed
on the metal surface to explore the chemical compositions on the cropped metal samples
on the copper surface with and without inhibitor [49].

2.4.4. Atomic Force Microscopy (AFM) Analysis

The surface morphology of the copper specimen with surface area of 1 cm2 was
scanned using a scanning probe microscope (SPM (Dimension ICON, Bruker; measurement
mode: AFM)). To prepare the samples for this study the copper specimens were dried after
exposure to 1 M HCl solution without and with inhibitor of 1000 ppm concentration for 3 h
at room temperature (303 ± 1 K). The scanned images of the surface of the copper specimen
can be interpreted for the effectiveness of the inhibitor. The surface roughness factor can
also be derived for inhibited and uninhibited copper metal from the AFM analysis [50].

2.5. Statistical Analysis

All experiments were repeated thrice to ensure accurate results. The data were
expressed as mean ± standard error. One-way ANOVA analysis followed by the Duncan’s
test was used to determine significant (p ≤ 0.05) differences. SPSS Ver. 20 (SPSS Inc.,
Chicago, IL, USA) statistical software was used to compute the statistical tests.

3. Results
3.1. Estimation of Total Phenols and Flavonoids

The total phenolic contents of P. ginseng parts were analyzed using the Folin–Ciocalteu
reagent method and a remarkable content was found in all three samples (Table 1). Among
the three samples (root, leaf and fruit) of P. ginseng, the highest concentration of TPC was ob-
served in the methanolic fruit extract (95.21 mg/g). The second-highest concentration was
found in methanolic leaf extract (39.21 mg/g), which was followed by root (30.21 mg/g).
The overall total phenols quantified followed the order fruit > leaf > root of methanolic
extract. In all the samples analyzed, methanolic fruit extract was considerably better than
leaf or root. The combined lowest total phenol concentration was observed in ginseng
extracted with water (42.05 mg/g) consolidating all three parts. The total flavonoid content
was found to be high in methanolic fruit extract (50.21 mg/g), followed by leaf (24.32 mg/g)
and then root (20.25 mg/g). In all three samples, methanol was identified as a more efficient
extraction medium than the other solvents (ethanol, ethyl acetate, acetone and water) since
the overall flavonoid content was highest (94.78 mg/g) in methanol extract. A potential
second solvent for the extraction of phenolic and flavonoid compounds was identified
as ethanol, which produced significant amount of phenols (133.93 mg/g) and flavonoids
(82.08 mg/g) in the total of leaf, fruit and root (Table 1).
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Table 1. Total phenolic content (TPC) and total flavonoid content (TFC) of white Panax ginseng in five different solvents.

Extract
TPC (mg/g) TFC (mg/g)

Leaf Fruit Root Total Leaf Fruit Root Total

Methanol 39.21 ± 4.32 e 95.21 ± 8.21 a 30.21 ± 2.21 g 164.63 24.32 ± 3.58 c 50.21 ± 6.21 a 20.25 ± 3.58 e 94.78
Ethanol 33.25 ± 2.32 f 72.46 ± 4.21 b 28.22 ± 3.21 h 133.93 23.54 ± 4.20 c 41.33 ± 4.54 b 17.21 ± 2.87 f 82.08

Ethyl acetate 25.55 ± 2.55 i 66.51 ± 3.55 c 18.11 ± 3.25 k 110.17 16.21 ± 1.85 f,g 21.95 ± 2.87 d 11.25 ± 2.01 i,j 49.41
Acetone 11.33 ± 3.02 l 42.05 ± 5.21 d 07.21 ± 1.22 m 60.59 12.22 ± 1.58 i 15.05 ± 2.98 g,h 10.55 ± 1.52 i,j 37.82

Water 12.66 ± 1.25 l 22.35 ± 2.32 j 08.21 ± 2.55 m 43.22 10.25 ± 0.89 k 14.32 ± 1.87 h 09.52 ± 1.05 k 34.09

The values presented are the mean ± SEM. The superscripts in each mean represent significant p values (p < 0.05) that are different from
each other.

3.2. Quantification of Phenolic Compounds

A total of 23 phenolic compounds, including derivatives, were identified by using
UHPLC (Table 2 and Figure 1).

Table 2. Major phenolic compounds identified in the different parts of P. ginseng extract by UHPLC
analysis.

Com.
Concentration (µg/g)

Leaf Fruit Root Total

* pCA 125.24 ± 3.32 b 65.3 ± 3.51 e 14.2 ± 0.87 c 204.77
* FA ˆ 6.35 ± 1.21 i 19.5 ± 1.55 i 6.55 ± 0.21 e 32.42
* mCA 185.32 ± 2.85 a 45.2 ± 2.35 f 5.64 ± 1.22 e 236.17
* oCA 2.01 ± 1.02 j,k 1.55 ± 0.24 l 0.55 ± 0.09 f 4.11
* CA 43.21 ± 4.32 e 1002.2 ± 5.65 a 90.2 ± 4.45 a 1135.63

## MY nd nd nd –
## QC 2.00 ± 0.87 j,k nd nd 2.00
## KF nd nd nd –

** GLA nd nd nd –
** PA 35.21 ± 1.55 f 6.98 ± 1.54 k 10.2 ± 2.10 d 52.44
** SA nd 75.3 ± 3.25 d 6.12 ± 0.55 e 81.44
** GA 62.30 ± 1.55 d 854.21 ±1.87 b 65.2 ± 2.01 b 981.72
# RU 65.54 ± 4.21 c 165.32 ± 3.99 c 8.54 ± 1.22 d 239.4
# VA 3.55 ± 1.00 j 22.3 ± 1.98 h 6.32 ± 0.10 e 32.2
# RV 1.21 ± 0.23 k nd 1.54 ± 0.77 f 2.75
# NG 1.85 ± 0.25 j,k 11.2 ± 1.22 j 1.55 ± 0.88 f 14.65
# FN 0.55 ± 0.02 k 0.98 ± 0.07 l 0.59 ± 0.05 f 2.12
# BA nd nd nd –

# pHA 8.65 ± 1.52 h 35.2 ± 3.02 g 15.2 ± 1.55 c 59.07
# NA 6.32 ± 0.55 i 18.5 ± 2.87 i 9.11 ± 1.22 d 33.98
# tCA 1.55 ± 0.55 k 1.02 ± 0.21 l 2.11 ± 0.94 f 4.68
# CN 15.32 ± 1.55 g nd 9.32 ± 1.99 d 24.64
# HP 1.55 ± 0.33 k 2.54 ± 0.44 l 1.01 ± 0.08 f 5.10
Total 567.73 2327.52 254.04 3149.29

Compounds—Com.; * p-Coumaric acid—* pCA; * Ferulic acid—* FA; * m-Coumaric acid—* mCA;
* o-Coumaric acid—* oCA; * Chlorogenic acid—* CA; ## Myricetin—## MY; ## Quercetin—## QC,
## Kaempferol—## KF; ** Gallic acid—** GLA; ** Protocatechuic acid—** PA; ** Syringic acid—**
SA; ** Gentisic acid—** GA; # Rutin—# RU; # Vanillin—# VA; # Resveratrol—# RV; # Naringenin—#

NG; # Formononetin—# FN; # Biochanin A—# BA; # p-Hydroxybenzoic acid—# pHA; # Naringin—#

NA; # trans-Cinnamic acid—# tCA; # Catechin—# CN; # Hesperetin—# HP; nd—non-detected. *
Hydroxycinnamic acid; ## Flavonols; ** Hydroxybenzoic acid and # Other phenolic compounds.
ˆ Values within a column with the same letters are not significantly different at the 0.05 level, as
determined by Duncan’s multiple range test.
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Figure 1. Chemical structure of major phenolic compounds in P. ginseng extract: (a) p-coumaric acid; (b) m-coumaric acid;
(c) chlorogenic acid; (d) protocatechuic acid; (e) syringic acid; (f) gentisic acid; (g) p-hydroxybenzoic acid; and (h) rutin.

As already shown by the TPC and TFC, this analysis also revealed the presence of
a high concentration of phenolic constituents in P. ginseng fruit (2327.52 µg/g) followed
by leaf (567.73 µg/g) and root (254.04 µg/g). The most abundant phenol was identified
as chlorogenic acid (1002.2 µg/g). Gentisic acid was the second-most abundant, with
the highest value in the fruit (854.21 µg/g). These were followed by m-coumaric acid—
185.32 µg/g (leaf); rutin—165.32 µg/g (fruit); p-coumaric acid—125.24 µg/g (leaf); chloro-
genic acid—90.2 µg/g (root); p-coumaric acid—65.3 µg/g (fruit); gentisic acid—62.30 µg/g
(leaf); syringic acid—75.3 µg/g (fruit); and m-coumaric acid—45.2 µg/g (fruit). Only trace
amounts of flavonols were found, whereas hydroxycinnamic acid, hydroxybenzoic acid
and the total phenolic compounds were found present in a significant amount.
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3.3. Antioxidant Assays

The nitric oxide free radical was scavenged by the plant concentrates to different
extents. The reduction of nitrate to nitrite was detected through the measurement of the
change in absorbance intensity of “Griess reagent”, a colored azo dye, at 546 nm. Excellent
activity was found at 1000 µg/mL in methanolic extract of fruit (93%), followed by leaf
(88%) and root (85%), and the effects were dose-dependent. The lowest activity (30%) was
found after treatment with 100 µg/mL water extract. The scavenging was recorded as
30–93% for samples against concentrations between 100 and 1000 µg/mL (Figure 2).
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Figure 2. Nitric oxide assay of P. ginseng.

Out of the three parts of ginseng samples, the fruits produced greater scavenging
action, followed by the leaf and then the root.

The antioxidant features of the plant extracts were studied through the percentage
scavenging activity of the hydrogen peroxide free radical. In this assay, the methanolic
extract of fruit (86%) showed more activity at 1000 µg/mL. The inhibition percentage was
concentration-dependent. The methanolic extracts of fruits revealed higher activity and
the lowest activity (26%) was seen in the water extract of leaf and root at 100 µg/mL. Thus,
the scavenging activity was concluded to have dose-dependent effects, ranging from 26%
to 86% against 100–1000 µg/mL of extract concentration (Figure 3).
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Figure 3. Hydrogen peroxide scavenging activity of P. ginseng.

The change in the color of samples after the reduction of molybdenum (Mo (VI) to
Mo (V)) was indicated by the intensity of the green color at 765 nm and was used as a
measure of the antioxidant activity. This assay showed the strongest effect of the methanolic
extract, in the order (fruit) 1395 ± 0.77 > (leaf) 1255 ± 0.54 > (root) 1159 ± 0.32. The lowest
antioxidant activity was found in the water extract of all three parts (fruits, leaf and root)
in the range from 899 ± 0.52 to 1002 ± 0.55 (Table 3).

Table 3. Determined by the phosphomolybdenum method of P. ginseng.

Solvents Leaf Fruit Root

Methanol 1255.54 ± 3.57 c 1395.77 ± 3.85 a 1159.32 ± 1.98 d

Ethanol 1159.24 ± 2.52 d 1300.38 ± 2.07 b 1100.78 ± 2.08 e

Ethyl acetate 1010.66 ± 2.32 f 1252.95 ± 3.88 c 1058.34 ± 3.23 f

Acetone 985.21 ± 0.04 g 1100.66 ± 1.21 e 952.31 ± 2.05 g

Water 901.59 ± 1.22 h 1002.55 ± 2.21 f 899.52 ± 1.88 h

The values presented are the mean ± SEM. The superscripts in each mean represent significant p
values (p < 0.05) that are different from each other.

3.4. Corrosion Studies
3.4.1. Weight Loss Measurements

From the weight loss measurements, loss in weight of each specimen was calculated,
and from that, the percentage of inhibition efficiency was determined from Equations (1)
and (2), and the results are tabulated in Table 4. From Table 4, it was noted that the
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inhibition efficiency of methanolic fruit extracted from ginseng fruit extract was increased
by increasing the concentration at room temperature (303 ± 1 K), since methanol solvent
extracts more TPC and TFC compared to other solvents, namely ethanol, ethyl acetate,
acetone and water, to achieve higher antioxidant and antibacterial properties in fruit extract.
Hence, methanolic fruit extract of ginseng is optimized as a corrosion inhibitor for copper.
At a 1000-ppm concentration, the inhibitor attains a maximum efficiency of 96% from 50%
efficiency obtained at 100 ppm.

Table 4. Inhibition efficiency (IE %) for different concentrations (Conc.) of methanolic fruit extract of P. ginseng for corrosion
of copper in 1 M HCl at different temperatures (303–343 ± 1 K).

Conc.
(ppm)

Temperatures (±1 K)

303 313 323 333 343

θ IE % σ a θ IE % σ a θ IE % σ a θ IE % σ a θ IE % σ a

100 0.50 50 0.2 0.45 45 0.2 0.44 44 0.2 0.38 38 0.6 0.30 30 0.2
200 0.60 60 0.1 0.55 55 0.3 0.53 53 0.5 0.45 45 0.2 0.32 32 0.3
300 0.65 65 0.5 0.63 63 0.5 0.60 60 0.1 0.51 51 0.3 0.35 35 0.1
400 0.72 72 0.6 0.70 70 0.1 0.65 65 0.4 0.56 56 0.1 0.41 41 0.4
500 0.80 80 0.1 0.76 76 0.8 0.70 70 0.3 0.62 62 0.5 0.44 44 0.1
600 0.85 85 0.5 0.80 80 0.3 0.73 73 0.6 0.67 67 0.8 0.46 46 0.2
700 0.88 88 0.2 0.83 83 0.1 0.79 79 0.2 0.70 70 0.1 0.50 50 0.1
800 0.90 90 0.1 0.87 87 0.2 0.80 80 0.1 0.72 72 0.2 0.52 52 0.3
900 0.93 93 0.3 0.85 85 0.1 0.83 83 0.2 0.75 75 0.1 0.55 55 0.2

1000 0.96 96 0.5 0.90 90 0.3 0.85 85 0.2 0.77 77 0.5 0.60 60 0.2
a σ is the standard deviation.

3.4.2. Temperature Studies

The loss in weight of copper specimens in an acidic environment at varying tem-
peratures with and without inhibitor was measured from weight loss measurement, and
the corresponding inhibition efficiency was calculated and is presented in Table 5. This
table represents the inhibition efficiency of the plant extract at increasing temperature
from 303 to 343 ± 1 K for various concentrations from 100 to 1000 ppm. From the table,
it was noted that the maximum inhibition efficiency at 1000-ppm concentration at room
temperature was 96% and the efficiency was noted as 90%, 85%, 77% and 60% at every
10 ± 1 K increment in temperature.

Table 5. Surface composition of copper before and after immersion in 1 M HCl, with and without
1000 ppm inhibitor.

Elements
Copper Specimen (wt %)

Without Inhibitor With Inhibitor

C 07.13 04.11
O 13.54 08.64

Cu 78.32 87.25
Cl 01.01 -

3.4.3. FESEM and EDX Studies

Field emission scanning electron microscope (FESEM) and energy-dispersive X-ray
(EDX) analysis techniques were used to determine the elements in P. ginseng extract.
Figure 4 depicts the FESEM images of corroded copper specimens without and with
optimized inhibitor (1000 ppm of methanolic fruit extract of ginseng). From the images,
one can easily observe the corroded surface of the copper specimen when exposed to an
acidic medium from the damage, pits and scratches in the absence of inhibitor (Figure 4a).
However, the surface image of the specimen that experienced the same acidic environment
in the presence of the inhibitor shows a smooth and clear surface without discoloration
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(Figure 4b). It proves that there is no initiation of corrosion taking place on the specimen
exposed to an acid environment with inhibitor. Figure 5 depicts the EDX spectra which
present the elements that exist in copper dipped in 1 M HCl and copper dipped in 1 M
HCl with 1000 ppm of inhibitor prepared from P. ginseng plant extract. Table 5 presents
the elements present on the surface of the copper specimen that underwent acid corrosion
(1 M HCl) without and with inhibitor (1000 ppm of ginseng plant extract).
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3.4.4. AFM Analysis

An AFM analysis was performed to study the surface morphology of corroded copper
metal surfaces with and without inhibitor in 1 M HCl solution. Figure 6 shows the two-
dimensional AFM images of copper surfaces which were exposed in 1 M HCl either
without inhibitor or with 1000 ppm of P. ginseng inhibitor. Figure 6a depicts the image of
the unprotected copper specimen without inhibitor and Figure 6b reflects the image of the
protected specimen with the ginseng plant extract as a corrosion inhibitor. In the absence of
the inhibitor, due to speedy corrosion and deformation, high roughness is attributed. AFM
is not only used for providing high-resolution images but can also be used to calculate
surface roughness of a metal surface. Data about copper surface morphology derived from
AFM images are helpful for understanding the corrosion process.
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4. Discussion

The total phenol and flavonoid contents of the methanolic extracts of samples were
considerably higher in P. ginseng, which provided evidence that ginseng is the most po-
tent variety. In this research, the results highlighted the importance of ginseng fruits
which contain high levels of phenols and flavonoids. Out of five solvents, the methano-
lic extraction of plant parts, especially fruits, was previously documented to contain a
high content of phenols and strong antioxidant ability [51]. The different solvents tried
in this study gave a clear understanding of the importance of the selection of reliable
and suitable solvents to achieve optimum extraction of total phenol and flavonoid from
P. ginseng [51]. These components are strongly reducing, which enables them to act as
free radical scavengers. The antioxidants help to protect humans from harmful oxidants,
thereby safeguarding macromolecules such as proteins, lipids, DNA and carbohydrates
to improve the immune system [52]. The present study supports the specific selection of
solvents to extract more phenols. The analysis of phenolic compounds such as hydrox-
ycinnamic acid, hydroxybenzoic acid and flavonols was conducted through UHPLC as
certified by previous research [53,54]. Many plant parts, from the roots to the fruits, are
known to produce numerous secondary metabolites that have several medicinal uses, such
as Low-Density Lipoprotein (LDL) oxidation inhibition and reduced hypertension, and are
also helpful for the improvement of many neurological disorders [55,56]. Although many
studies on ginsenosides have already been performed, very few studies have used UHPLC
to comparatively evaluate the phenolic content of the various parts of ginseng. This study
has helped to estimate the different phenols present in ginseng and may assist in the bulk
production of pharmacologically important compounds from ginseng.

Many researchers have identified the capacity of plant-based antioxidants as efficient
free radical scavengers [57–59]. Components such as kaempferol, quercetin, gallic acid,
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cinnamic acid, rutin, coumaric acid and resveratrol were proven to have various therapeutic
applications. As these are plant-derived components, their inclusion in our daily diet has
the potential to inhibit free radicals [60–62]. These components have shown potency as
reductants and singlet oxygen quenchers found in fruits and vegetables grown in varying
climatic conditions and extracted by different methods [63]. Several techniques have
been used to study the antioxidant mechanism of the plant extracts. The use of three
different antioxidant assays in this research emphasized the importance of ginseng fruit as
a potential antioxidant. The selection of methanol as a solvent resulted in greater activity
than the rest of the solvents because of its compatibility with P. ginseng. This shows the
crucial role of solvent selection in order to obtain more phenols and flavonols from the
plant samples [64].

Nitric oxide is well known for its inflammatory action. However, the excessive
production of free radicals damaging tissues, vascular collapses and other medical illness
such as juvenile diabetes and ulcerative colitis may occur [65]. The nitric oxide content
of sodium nitroprusside produces nitrite when reacted with oxygen, which exhibits free
radical scavenging activity.

Antioxidant property was observed in the methanolic extract of fruits, leaves and
roots, demonstrating it as an equivalent scavenging compound. As a weak oxidant,
hydrogen peroxide inactivates enzymes by oxidizing thiol (-SH) groups, which cross the
cell membrane and react with ferrous ions to form hydroxyl free radicals, leading to cell
toxicity [66]. The results shown in this research are encouraging and confirm the scavenging
activity of ginseng extracts, especially P. ginseng fruit parts [66,67]. The change in color is
equivalent to the concentration of the sample. The antioxidant ability of flavonoids such
as quercetin and rutin had been extensively reported, conferring protection of liver cells,
inflammation, carcinogenesis and smooth muscles [68,69].

The anti-corrosive property of ginseng was confirmed due to the presence of phenolic
compounds present in the extract, which are very active compounds adsorbed on the
surface of the specimen, forming a protective film around the surface of the metal [70]. A
thick, stable and well-bonded layer formed by the inhibitor was the reason for attaining
higher efficiency at 1000-ppm concentration [26]. Due to high temperature, the stable
compounds adsorbed on the surface are desorbed at some points and bring down the
corrosion efficiency [71]. From SEM images, it was observed that without ginseng extract,
the surface of the copper metal was seriously attacked by the HCl medium and formed
severe roughness, pits and scratches. At the same time, a smooth copper surface without
any damages was noted; due to the physical adsorption of ginseng extract molecules,
a protective layer was formed over the metal surface and confirmed that the copper is
well protected from corrosive ions. From the EDX spectra of copper metal after attack of
HCl solution without inhibitor, it is noted that due to the surface contamination, there
are some residual elements; C—7.13%, O—13.54% and Cl—1.01% were present on the
surface of the copper specimen, which are more than that on the specimen with inhibitor,
and there was no existence of Cl on the inhibited specimen. Presence of Cu is about
9% lower in the corroded specimen without the inhibitor because of removal of copper
from the surface due to corrosion. Furthermore, 37% less O content represents that there
was less oxidation in the inhibited specimen, which is the root cause for corrosion. The
plant extract as a corrosion inhibitor formed a shielding layer on the metal surface which
protected the copper from getting delaminated and removal of layer of metal surface.
Furthermore, the presence of carbon and oxygen on the inhibited metal surface proves that
the active chemical compounds are adsorbed on the copper surface by a synergistic effect
and shows a higher inhibition efficiency. There are three ways of achieving adsorption—
physical, chemical and combined [72]. Physical adsorption is nothing but the phenomenon
of electrostatic interaction of protonated molecules with already adsorbed sulfur ions;
chemical adsorption is the interaction between unshared electron pairs of oxygen atoms or
π-electrons of aromatic ring copper surface (Figure 7). The inhibition process is executed,
hindering the plant extract solution from forming a film around the metal surface, and by
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the action of adsorption, the available cathodic and anodic sites which activate corrosion
are minimized [73,74]. The roughness and damage on the corroded copper specimen under
the exposure of HCl medium are due to the absence of the inhibitor. In the presence of
the inhibitor, it is very clear from the topography of the AFM image that there was no
corrosion initiation and the smooth surface without any pits and damage confirms that
the thin film that formed on the surface of the copper metal protected it from corrosion
(Figure 7). The surface roughness value is high in the blank solution (329 nm), that is, in
HCl medium without the inhibitor, because of the corroded surface of the copper metal,
whereas the roughness value decreased to about 55 nm in copper exposed to same acid
environment with the inhibitor which is 16.7% less than that of the uninhibited corroded
specimen [75–81].
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5. Conclusions

This research supports the known health benefits of the identified phytochemicals of
ginseng. As it is used as a traditional medicine and food in many countries, the inclusion
of ginseng in a regular diet is a simple task. Regular usage of ginseng will eventually
lead to the improvement of various aspects of human health as it contains numerous
antioxidants and confers other therapeutic effects. Owing to these scientifically proven
activities, ginseng can be commercially cultivated for the extraction and isolation of target
compounds for clinical purposes. The rapid development of novel, effective methods for
the isolation and identification of new plant-based compounds will enable the further study
of ginseng to elute more compounds of therapeutic importance. About 96% corrosion
inhibition efficiency was achieved with methanolic fruit extract of ginseng at a 1000-
ppm concentration at room temperature. In addition to the antioxidant and antibacterial
properties of ginseng, its anti-corrosive property was also confirmed from the FESEM
images and the surface composition of the EDX spectra conducted on a copper specimen
exposed to an acidic environment. Two-dimensional images and the surface roughness
factor obtained from AFM studies prove the corrosion resistance ability of ginseng plant
extract.
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