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Abstract Resistance of Colletotrichum gloeosporioides,
the causal agent of mango anthracnose disease, to systemic
fungicides is of concern. In this study, we evaluated a
suitable extraction method for gymnemic acid content from
Gymnema inodorum and its ability to control C.
gloeosporioides, the causal agent of mango anthracnose
disease. In vitro study of G. inodorum extract and gym-
nemic acid against the most virulent and carbendazim-re-
sistant C. gloeosporioides isolate was evaluated. The
Soxhlet extraction method gave the highest gymnemic acid
yield, followed by the aqueous extraction method. The
study of the effect of crude extracts from G. inodorum,
SP4, MT4, and CR4 at a concentration of 1000 ppm
showed significant ability to inhibit C. gloeosporioides
mycelia growth by 30.20%, 28.30%, and 26.43%, respec-
tively. The results of the 5000 ppm crude extract effect on
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spore germination showed that the extract of MT4 and
MT6 showed a significant decrease in fungal spores during
the test period. Therefore, from the results of this study, G.
inodorum extract obtained from the aqueous extract could
be used in postharvest disease control of mango. It can also
serve as an alternative material for farmers who intend to
reduce their use of chemicals.
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Introduction

Fungal diseases are the major problem in postharvest
mangoes, the deterioration from fungal diseases such as
stem-end rot (Lasiodiplodia theobromae), Sooty mold
(Capnodium sp.) [1], and especially anthracnose disease
caused by Colletotrichum gloeosporioides Penz [2]. The
fruit’s symptoms include dark brown to black decay spots,
necrotic lesions, sunken tissue, and decay of mango pulp.
During transportation or the ripening stage, the lesions will
enlarge and spread out and can cause the whole fruit to rot.
This disease is common in most mango varieties and
affects mangoes’ quality and yield. The disease causes
damage to all stages of mango growth and development,
especially the ripening stage, and this problem is detri-
mental to the exportation of mangoes. Infection of the
pathogen may be latent in unripe mango fruit. The symp-
toms typically develop rapidly upon ripening. These are
associated with adjacent cells being destroyed and lead to
water-soaked lesions [3]. However, the penetration of the
pathogen is limited to the epidermal cells, and cuticle layer
during the immature stage, and disease develops during
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fruit ripening. The mechanism of cuticle penetration is
based on two processes; mechanical force through melanin
production or the degrading enzyme, cutinase, and/or a
combination of both. During the ripening stage, the mango
cells are weakened as a result of a gradual decline in the
amount of resorcinol in the mango, a phenolic compound
that can inhibit fungal pathogens [4].

The management programs to eradicate the mango
anthracnose disease are not specific. Integrated manage-
ment methods such as cultural control, biological control,
chemical control, and intrinsic resistance are recommended
[5]. Chemical fungicides were a practical and efficient
method for disease control. Benzimidazole fungicides have
been used to control numerous fungal plant diseases.
Nevertheless, continuous and widespread use of fungicides
can lead to the rapid development of resistant strains in the
target fungi [6]. The benzimidazole fungicide, carben-
dazim, interferes with fungal B-tubulin polymerization and
inhibits mitotic division. Resistant fungi have a reduced
binding affinity with carbendazim to B-tubulin and mitotic
division proceeds normally. The resistant fungi show evi-
dence of amino acid substitutions in S-tubulin conferred at
the protein expression level [7]. Because resistance to this
systemic fungicide has been found in the fungal pathogen,
an alternative solution or new environmentally safe sub-
stance should be studied for control of the disease. Over the
past decade, much research has focused on the use of plant
products for control of phytopathogens. These plant prod-
ucts are biodegradable, bio-efficacious, economical, and
environmentally safe [8].

Gymnema inodorum (Lour.) Decne. (Family Apocy-
naceae) is a medicinal plant in South Asia and Southeast
Asia. In Thailand, the young aerial parts of G. inodorum
(GI) have been used as a food ingredient in Northern Thai
cuisine and as a diabetes therapeutic agent [9]. Gymnema
inodorum contains triterpene glycosides belonging to the
oleanane and dammarane classes, a gymnemic acid.
Triterpene glycosides, oleanane- and ursane-type, have
been reported to control many pathogenic microorganisms
[10]. A wide range of human and plant diseases are con-
trolled including Candida albicans, Fusarium sp., Mag-
naporthe grisea, Botrytis cinerea, Aspergillus sp., Bacillus
pumilus, B. subtilis, Pseudomonas aeruginosa, and Sta-
phylococcus aureus, among others [11, 12]. In this study,
we evaluated a suitable extraction method for gymnemic
acid content from G. inodorum and its ability to control C.
gloeosporioides, the causal agent of mango anthracnose
disease.

@ Springer

Material and Methods

Plant Material and Preparation of G. inodorum
Extracts

The fully mature leaves from at least 3 year old G.
inodorum (GI) had been collected during May—July in 2020
from 4 different areas in 3 provinces, i.e., Thoeng in Chi-
ang Rai province (CR), Mae-tang in Chiang Mai province
(MT), Hang-chat (HC), and Sob-prab (SP) in Lampang
province. Two varieties of GI No. 4 and No. 6 were used
for the present study. The extraction methods were per-
formed separately in triplicate: fresh filtrate method,
Soxhlet extraction, and organic solvent extraction. The
extract was concentrated in a rotary evaporator, followed
by lyophilization, and a crude extract was obtained. Per-
centage of the crude extract yield was calculated and used
for purification in the GA study.

Method 1: Fresh Filtrate Method

GI leaves were rinsed in clean water and dried at room
temperature (30 & 2 °C) for an hour. One kg of fresh
leaves was cut into small pieces, and5 liters of distilled
water were added (1:5 W/V). The mixture was filtered with
a straining cloth and heated at 70 °C. The extracts were
evaporated in a rotary evaporator to obtain the crude
extract, dried in a fume hood, weighed again, and kept at
4 °C for bioassays.

Method 2: Soxhlet Extraction

The GI leaf samples were cleaned with water and dried at
60 °C for 24 h in a hot-air oven. The dried leaves were
ground into a powder (< 0.825 mm size). One hundred
grams of powdered GI was placed into a cellulose thimble,
250 ml of 95% ethanol was added (1:2.5 W/V), and the
extraction method was performed for 90 min[13]. The
extracts were evaporated in a rotary evaporator to obtain
the crude extract and dried in a fume hood, weighed again,
and kept at 4 °C for bioassays.

Method 3: Organic Solvent Extraction

The GI sample was macerated separately with organic
solvents (1:5 W/V), ethanol, ethyl acetate, and hexane
(AR., Fisher Chemical™, UK) for 3 days at room tem-
perature (30 °C). The extracts were filtered through
Whatman No. 1 filter paper. The extracts were evaporated
in a rotary evaporator to obtain the crude extract, dried in a
fume hood, weighed again, and kept at 4 °C for bioassays.
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Detection and Quantification of Gymnemic Acid

For chromatographic analysis, 5 mg of gymnemic acid
(GI) crude extracts was dissolved in 10 ml of 50% (V/V)
methanol. One ml of 11% KOH was added and heated on a
boiling water bath under reflux for an hour and then cooled.
Then, 0.9 ml of 12 N HCL was added and refluxed for an
hour in the water bath. After cooling, the pH was adjusted
to 7.5-8.5 with 11% KOH. This solution was dissolved
with 10% (V/V) methanol. Then, the sample was trans-
ferred to a 10 ml volumetric flask and used for further
analysis using HPLC. The percentage of GI was estimated
using the area under the curve obtained from the sample by
comparing the same with the standard. Chromatography
was carried out using FLEXAR™ LC Systems, Perki-
nElmer HPLC; Brownlee Analytical C18 column
(250 x 4.60 mm i.d. x 5.0 pM) with Mobile phase con-
sisting of (A) 0.5% phosphoric acid solution (B) methanol
(12:88); flow rate was 0.6 ml/min; column temperature was
30 °C; photodiode detector array (PDA) wavelength
218 nm; HPLC Isocratic elution mode. The HPLC esti-
mation was carried out by injecting 5 pl of the sample
solution with the duplicate sample. Deacyl gymnemic acid
at a concentration of 3.91-500 pg/ml was used for
standardization.

Extraction and Purification of the Pure Compound
for NMR

GI crude extract was dissolved in 200 ml ethyl acetate and
then, filtered with a cotton ball. The precipitate was
resuspended in 100 ml methanol and sonicated. The
extracts were evaporated in a rotary evaporator, and hot
methanol was added to obtain the supernatant. The sample
was examined by column chromatography using ethyl
acetate: methanol (90:10/30:70) as the mobile phase.

Pathogen Inoculum and Carbendazim-Resistant
Phenotype Assay

A survey and collection of samples was conducted of Nam
Dok Mai mangoes showing anthracnose symptoms from
the market in Lampang Province. The symptoms and
morphology of diseased mangoes were characterized in the
laboratory using a microscope. The pathogen was identified
morphologically using a microscope. The fruiting struc-
tures of Colletotrichum spp. were observed and identified
following Sutton [14]. The pathogenicity test was con-
ducted using a completely randomized design (CRD) with
four replications. Colletotrichum spp. isolates were
grouped into five categories [15]. The symptoms and
severity of the disease on mangoes were recorded based on
the size of lesions 7 days after inoculation at room

temperature. Thus, the most virulent strain of the patho-
genic isolate was obtained and used for further study. The
carbendazim resistance of all isolates of Colletotrichum
spp. was studied by phenotypic assay. The level of resis-
tance to carbendazim was evaluated and grouped into four
representative phenotype reactions [15].

Effect of G. inodorum Extracts on Pathogen Growth
(In Vitro)

The GI extracts were obtained from the previous experi-
ment to test for their antifungal activities to control C.
gloeosporioides. The highly carbendazim-resistant and
aggressive isolate of C. gloeosporioides, isolate 2.1, from
the previous experiment was used in this experiment.
In vitro antifungal activities of GI extracts were determined
using a dual culture test. The experiment was done using a
CRD with three replications. Means were compared by
DMRT at p = 0.05. Twenty microliters of GI extracts were
dropped on a paper disk and dried at room temperature
(30 £ 2 °C). Thereafter, the highly carbendazim-resistant
isolate of C. gloeosporioides growing on PDA for 7 days
was cut using a sterilized cork-borer at the leading edge of
the colony to get mycelial agar plugs, then transferred to
the middle of the dual culture plate. Data were collected as
colony diameter and transformed to percent inhibition of
colony growth (PICG) [16]. The effective antagonist acti-
nomycetes were selected according to PICG. Over 50%
were taken to study in further experiments. The formula of
percent inhibition of colony growth (PICG) was modified
from Lokesha and Benagi[16]: PICG = C — T/C x 100;
where C = colony diameter of the pathogen in the control
plate and T = colony diameter of pathogen in a dual culture
plate. The GI extracts were tested for inhibition of the
colony growth of C. gloeosporioides. The dual culture test
was conducted using a completely randomized design
(CRD) with five replications.

Poisoned Food Technique

Crude extract of 0.025, 0.05, 0.10, 0.15, and 0.2% was
amended in PDA and sterilized at 121 °C, 15 Ib/inch?
pressure for 15 min. Fifteen milliliters of amended media
were poured into Petri plates and allowed to cool and
solidify. A culture disk of the 7-day-old culture of the C.
gloeosporioides was then placed at the center of the Petri
dish, and the cultured plates were incubated at 25 + 2 °C
for 7 days. The Petri dishes containing media devoid of the
extract but with the same volume of DMSO served as the
control. After incubation, the colony diameter was mea-
sured in mm[16]. The fungitoxicity of the crude extract in
terms of percentage inhibition of mycelial growth was
calculated using the formula: Percent inhibition = C — T/
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C x 100; where C = Average increase in mycelial growth
in the control plate and 7 = Average increase in mycelial
growth in the treatment plate. The experiment was done
using a CRD with three replications.

Determination of Percent Inhibition of Spore Germination
by a 96-Well Plate Method

A conidial suspension of C. gloeosporioides was prepared
in sterile distilled water, and the spore concentration was
adjusted to 1.0 x 10° conidia/ml. Twenty microliters of
the conidial suspension and 20 pl of crude extracts
(5000 pg/ml) were then placed in the 96-well plate and
mixed well. DMSO and carbendazim at a volume of 20 pl
served as the control. The setup was incubated for 12 h at
25 £ 2 °C. Spore germination was counted under a com-
pound microscope[16]. The percent of inhibition was cal-
culated using the formula: Percent inhibition = C — 7/
C x 100; where C = Number of spores germinated in
control and 7 = Number of treated spores germinated. The
experiment was done using a CRD with three replications.

Minimal Inhibitory Concentration: MIC and Minimal
Fungicidal Concentration: MFC

The lowest fungal growth inhibition concentration and the
minimum fungicide concentration of the crude extract were
determined. The causative agents were examined using the
broth dilution method by dissolving crude extracts of GI.
Dimethyl sulfoxide (negative control) and fungicide (car-
bendazim, prochloraz) were the control treatments. The
extract was prepared by serial twofold dilution to 256, 128,
64, 32, 16, 8, 4, 2, and 0 pg/ml. Twenty microliters of the
Colletotrichum sp. spore suspension (5 x 10® CFU/ml)
were added into 96-well plates containing crude extract and
incubated under a constant light condition at 30 £ 2 °C.
The minimum of extracts that could inhibit the growth of
fungi were determined by counting the number of spores
remaining using a haemacytometer, at 0, 12, 24, and 48 h
and considered an MIC; and the minimum fungicide con-
centrations (MFC) were likewise revealed. The experiment
was done using a CRD with three replications.

Statistical Analysis
Data were analyzed by analysis of variance (ANOVA)
using the Statistix 10 software package. Mean comparisons

were made using the Least Significant Difference (LSD)
test at a 5% probability level.
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Results

Plant Material and Preparation of G. inodorum
Extracts

The extractions of GI from different areas in Lampang,
Chiang Mai, and Chiang rai province were conducted. The
fresh filtrate extraction method gave the highest crude
extract from the Hang Chat District, Lampang Province,
and the average crude extract percentages of GI leaf No. 4
(HC4) and No. 6 (HC6) were 5.90 and 5.84, respectively. A
total of 24 samples of GI leaves were extracted by the
Soxhlet extraction method, and the percentages of the
crude extracts were determined. The results in Table 1
reveal that GI from Hang Chat (HC) district gave the
highest yield of crude extract, followed by GI from Thoeng
district (CR). The organic solvent extraction of GI leaves,
hexane, ethyl acetate, and ethanol, showed that the per-
centage trend of dried GI in ethanol was higher. Ethyl
acetate and the hexane crude extracts yielded the least
amount (Table 1).

Detection and Quantification of Gymnemic acid
(GA)

Determination of GA in the crude extracts by the HPLC
technique was conducted. The crude extract was dissolved
in methanol solvent and then filtered and analyzed for GA
content. By repeating the analysis of each sample twice, a
chromatogram of the sample was developed. Quantification
of GA in the crude extract of GI was determined by using
the RP-HPLC technique. The standard Deacyl gymnamic
acid (3.91-500 pg/ml) was found at a 7.30 min retention
time. A standard graph was obtained with a linear coeffi-
cient R* = 0.9997 and a linear equation
y = 1653.9x + 6051.9 (Table 2; Fig. 1).

Extraction and Purification of the Pure Compound
for NMR

From the extraction of GI, it was found that nine fractions
of the substance were obtained. Preliminary tests using thin
layer chromatography (TLC) found that the third fraction,
which is probably GI, weighed 0.0193 g. TLC using a
mobile phase of methanol: ethyl acetate (10:90) was
spotted with 1% anisaldehyde solution in acid and found
that the Rf value matched the deacyl gymnemic acid
standard. The third fraction was analyzed by high-perfor-
mance liquid chromatography (HPLC). In HPLC, the
chromatograms of the pure substance isolated from the
third fraction had the same retention time as the standard
Deacyl gymnemic acid at 4.281 min. From Nuclear
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Table 1 Yield of crude extract from different methods

Treatment Yield of crude extract (%)Y
Fresh filtrate extraction Soxhlet extraction Organic solvent extraction
Hexane Ethyl acetate Ethanol

CR4% 5.08% +2.09 17.99% + 1.48 0.91F + 0.02 2.05° + 0.05 4.16° £ 0.09
CR6 5.33* £+ 1.65 18.35* £ 2.35 0.88" + 0.01 2.73* £+ 0.06 436° £ 0.12
HC4 5.90* £+ 0.26 19.59% + 2.67 1.62° + 0.04 1.70° &+ 0.02 1.268 + 0.01
HC6 5.84* + 0.71 18.43% £ 0.25 1.16° £ 0.01 1.71° £ 0.16 3.289 + 0.25
MT4 3.98% + 0.87 7.33° + 1.85 6.01* + 0.04 1.10° + 0.10 6.79* £+ 0.10
MT6 430* + 1.03 8.70° £ 1.49 0.678 + 0.03 1.36% + 0.04 2.47° £+ 0.01
SP4 3.98% + 1.86 13.34° + 1.66 1.36% + 0.04 2.00° + 0.07 3.49° £+ 0.03
SP6 4.74* + 1.89 13.90° + 2.32 1.85° + 0.06 2.05° + 0.05 1.81F + 0.09

' Means from 3 replicates

 Thoeng in Chiang Rai province (CR), Mae-tang in Chiang Mai province (MT), Hang-chat (HC), and Sob-prab (SP) in Lampang province

% The different superscript letter in each column shows a significant difference among the treatments at p < 0.05

Table 2 Gymnemic acid content from different extraction methods

Treatment Gymnemic acid content (mg/g)"/
Fresh filtrate extraction Soxhlet extraction Organic solvent extraction
Hexane Ethyl acetate Ethanol

CR4% 30.20% + 4.08 74.08% + 12.18 0.02°¢ + 0.01 3.34° +0.14 2.80°4 + 0.19
CR6 34.84 + 2.60 79.68%° + 3.27 0.04° £ 0.00 3.50° + 0.04 433 4+ 0.36
HC4 35.08" + 2.02 93.43* + 10.25 0.02°¢ £ 0.01 0.99° + 0.01 2.67°% £ 0.09
HC6 41.01* + 2.48 77.11%° + 15.43 0.01% £ 0.00 1.00° + 0.01 1.61° £ 0.13
MT4 37.84% + 2.27 93.49* + 22.65 0.18" £ 0.00 23.02* £ 0.22 36.53* + 1.86
MT6 34.17° £ 3.10 64.00° + 4.44 0.01° & 0.00 1.71° + 0.01 2.43d° £ 0.13
SP4 39.45% + 4.08 87.15% + 8.30 0.03% + 0.02 1.439 £ 0.10 2.58%4° + (.23
SP6 37.67°° + 4.03 91.03* + 17.55 0.03% + 0.00 1.81° + 0.27 3.63% + 0.16

' Means from 3 replicates

Y Thoeng in Chiang Rai province (CR), Mae-tang in Chiang Mai province (MT), Hang-chat (HC), and Sob-prab (SP) in Lampang province

¥ The different superscript letter in each column shows a significant difference among the treatments at p < 0.05

Magnetic Resonance (NMR) and HPLC, it can be con-
cluded that the pure substance isolated from the third
fraction is GI. The isolated pure substance (third fraction)
was then analyzed for its structure by NMR. It was found
that the 1H NMR (400 MHz, MeOD) ¢ signal was found at
(o) 7.89 (s, 1H), 7.69. (d, J=7.0 Hz, 1H), 6.52 (d,
J =69 Hz, 1H) of the benzyl group at 5.36 (s, 1H,
C = CH-12) of the cycloalkene group at carbon-12 at 5.20
(s, 1H, 1’-Glu) of the glucose group at carbon-1’ at position
4.06 (s, 1H, CH2-28) of the CH2-O-CO group at carbon-28
[17]. From the results of the NMR analysis, it was deter-
mined that the GA group could be separated.

Pathogen Inoculum and Carbendazim-Resistant
Phenotype Assay

A total of 30 isolates were isolated from the diseased
mangoes. In culture, some of the fungi had fluffy white
mycelium, while some of the isolates were gray to dark
gray. Conidia were unicellular, smooth, colorless, cylin-
drical with a rounded head, size 2.5-4.1 x 5.5-16.5 pm
(n = 30), some isolate produced orange to black spore
masses, which is a characteristic of fungi in the genus
Colletotrichum. The isolated fungi were tested for their
pathogenicity, 16 isolates that were able to cause severe
disease symptoms on plants were selected for further
experiments. It was found that C. gloeosporioides isolate
2.1 induced significantly larger lesions on the mangoes
tested than other isolates (p < 0.05). The size was
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Fig. 1 a—c Chromatogram of HPLC. a third fraction, b standard deacyl gymnemic acid, ¢ crude GI

78.08 mm., which classifies it as a highly virulent isolate
(VH) level. When tested for resistance to carbendazim
fungicide at 1000 ppm, it was found that it was able to
grow, where non-genetically modified fungi normally
cannot grow [18] (Table 3). Therefore, C. gloeosporioides
isolate 2.1 was selected for further study.

In Vitro Effect of G. inodorum Extracts on Pathogen
Growth

Tests of the efficacy of crude extracts were carried out

using a paper disk diffusion test. Crude GI extracts were
obtained through fresh filtrate extraction. The results of the
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study on inhibition of mycelium growth of C. gloeospori-
oides by the GI crude extract at 1000 ppm were compared
with DMSO as a control. All samples of GI crude extracts
were able to inhibit the growth of C. gloeosporioides iso-
late 2.1 mycelia and were significantly different from the
control (p < 0.05). The SP4, MT4, and CR4 crude extract
had the highest percentage of inhibition, with 30.20, 28.30,
and 26.43 percent, respectively (Table 4). All samples of
GI crude extracts inhibited mycelium growth significantly
better than the control.
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Table 3 Pathogenicity test of C. gloeosporioides

1/

Isolate no Wounding Diameter of lesion (mm.) Virulence level®
1.1 No 1.00™ + 0.00% L
Yes 75.58" + 1.37 VH
2.1 No 2.00™ + 0.16 L
Yes 78.08* & 0.94 VH
3.2 No 0.00° + 0.00 N
Yes 35.95¢ + 1.20 VH
4.1 No 0.00° £ 0.00 N
Yes 3.23% + 0.59 L
5.1 No 0.00° £ 0.00 N
Yes 64.15° & 1.50 VH
6.1 No 0.00° £ 0.00 N
Yes 3.93% + 1.20 L
7.1 No 0.00° + 0.00 N
Yes 9.30" & 2.46 M
8.2 No 0.00° £ 0.00 N
Yes 1.00™ £ 0.16 L
9.2 No 0.00° £ 0.00 N
Yes 4200 + 022 L
10.1 No 2.985Im 4 .34 L
Yes 19.50° & 2.08 VH
10.2 No 233 ™ 4+ 0.75 L
Yes 20.00° + 0.82 VH
1.11 No 0.25° £ 0.50 L
Yes 5431 + 0.56 M
2.11 No 0.88™ + 0.63 L
Yes 3.85% + 0.58 L
8.11 No 0.00° + 0.00 N
Yes 935"+ 1.01 M
8.12 No 0.00° + 0.00 N
Yes 12.23 8 4+ 0.56 H
8.2 No 0.00° £ 0.00 N
Yes 13.957 + 1.01 H

"Means from 4 replicates

ZVirulence level: 0 mm = non-pathogenic isolates (N), 0.1-5.0 mm. = low virulence isolates (L), 5.1-10.0 mm = moderately virulent isolates
(M), 10.1-15.0 mm = highly virulent isolates (H) and > 15.1 mm = very highly virulent isolates (VH) (Suwan and Na Lampang, 2013)

¥The different superscript letter in each column shows a significant difference among the treatments at p < 0.05

Poisoned Food Technique

The concentration of 0.025% crude HC6 had a low mycelia
inhibiting ability, at 8§7.97% in the poison-food bioassay.
The higher concentrations (0.05-0.20%) of all the crudes
extracts of GI showed full inhibition of C. gloeosporioides
isolate 2.1 mycelial growth (Table 5).

Determination of Percent Inhibition of Spore
Germination by a 96-Well Plate Method

The 5000 ppm crude extract was tested against the ger-
mination of C. gloeosporioides isolate 2.1 spores after 0,
12, 24, and 48 h; DMSO (negative control), and carben-
dazim (positive control) were used. The results revealed
that aqueous crude extracts of MT4 and MT6 showed the
most significant spore reduction, throughout the test period
and significantly more than the control (p < 0.05), with the
number of spores found at hours 0, 12, 24, and 48 after
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Table 4 Effect of G. inodorum extracts on C. gloeosporioides isolate
2.1 by using a paper disk diffusion method

Treatment Percentage of growth inhibition"
Control 0.00° & 0.00%

CR4Y 26.43* & 6.52

CR6 25.13* +2.19

HC4 22.63% + 3.75

HC6 15.73% + 3.96

MT4 28.30* & 5.03

MT6 23.27% + 6.63

SP4 30.20° + 3.80

SP6 2327 4+ 474

"Means from 3 replicates; >The different superscript letters in each
column show significant difference at p < 0.05 among treatment;
¥Thoeng in Chiang Rai province (CR), Mae-tang in Chiang Mai
province (MT), Hang-chat (HC), and Sob-prab (SP) in Lampang
province

treatment with the MT4 crude extract was 8.00 x 105,
2.89 x 10°, 1.55 x 10° and 1.22 x 10° conidial/ml,
respectively, while the MT6 crude extract resulted in
8.00 x 10°, 3.11 x 10°, 2.11 x 10° and 1.22 x 10°
conidial/ml, respectively, during the same time periods
(Table 6).

Minimal Inhibitory Concentrations: MIC
and Minimal Fungicidal Concentration

The minimum inhibitory concentrations of C. gloeospori-
oides were as follows: when incubated for 12 h, Gymnemic
acid (CR4, HC4, HC6, MT4, MT6, SP4, and SP6) and the
crude extract of GI were 256 pg/ml, but the CR6 crude
extract was > 256 pg/ml, while carbendazim was 1000 pg/
ml. The MFC of gymnemic acid and GI crude extract
was > 256 pg/ml after incubation for up to 24 h,

gymnemic acid could not inhibit the growth of the causa-
tive fungus over a prolonged period. The results revealed
that GA was unable to inhibit the growth of the causative
fungi as the duration increased. However, the GI crude
extracts CR4, CR6, HC4, HC6, MT4, MT6, SP4, and SP6
had an MIC of 10,000 pg/ml in inhibiting the growth of C.
gloeosporioides. The MFC of Gymnemic acid was > 256
pg/ml, and the MFC of the GI crude extract was >

10,000 pg/ml. After incubation for 48 h, the crude extract
of the GI lost the ability to suppress the growth of C.
gloeosporioides (Table 7).

Discussion

Gymnemic acid (GA) was detected by all extraction
methods. In this experiment, 0.04 g/g dry weight of GA
was produced. The content of GA in a plant can be
determined by monitoring by chromatographic techniques
(HPLC, TLC) or non-chromatographic techniques (im-
munoassay, phytochemical screening assay, and Fourier
Transform InfraRed) [19].

The quantification of the active ingredient from crude
extracts can use gymnemic acid as a marker to control the
concentration of active ingredients in solution. In addition,
Puratchimani and Jha [20] reported that gymnemagenin
(GA without sugar) was used as a marker for gymnemic
acid content in a sample and April-July, is the appropriate
months for harvest G. sylvestre to obtain the highest con-
tent of gymnemic acid. Soxhlet extraction gave the highest
amount of GA from all samples and sources, compared to
fresh filtrate extraction and the organic solvents extraction
methods. Soxhlet extraction is a high-efficiency extraction
method suitable for small sample volumes but not practical
when used for large-scale production. Therefore, the best
method that should be conveyed for utilization is extraction

Table 5 Effect of poisoned food bioassay on spore germination of C. gloeosporioides

Treatment Crude extract of G. inodorum
0.000% 0.025% 0.050% 0.100% 0.150% 0.200%

CR4 0.00% + 0.00 96.29° + 6.42 100.00* £ 0.00 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00
CR6 0.00% + 0.00 96.60°° + 5.88 100.00* £ 0.00 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00
HC4 0.00¢ + 0.00 91.17° + 15.32 100.00* £ 0.00 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00
HC6 0.00¢ + 0.00 87.97° + 20.85 100.00* £ 0.00 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00
MT4 0.009 + 0.00 93.21%% + 5.89 100.00* £ 0.00 100.00* £ 0.00 100.00* &£ 0.00 100.00* £ 0.00
MT6 0.00¢ + 0.00 94.63% + 5.11 100.00* £ 0.00 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00
SP4 0.00% + 0.00 95.22%° 4 8.28 100.00* =+ 0.00 100.00* £ 0.00 100.00* £ 0.00 100.00* £ 0.00
SP6 0.00% + 0.00 90.2 °° + 8.49 100.00* £ 0.00 100.00* & 0.00 100.00* £ 0.00 100.00* £ 0.00

"Means from 3 replicates; ¥ Different superscript letters in each column show the significant difference at p < 0.05 among treatment; *Thoeng in
Chiang Rai province (CR), Mae-tang in Chiang Mai province (MT), Hang-chat (HC), and Sob-prab (SP) in Lampang province
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Table 6 Effect of Gymnema inodorum crude extract on C. gloeosporioides spore germination after incubation

Treatment Number of conidial in suspension (x 10% conidial/ml.)
Oh 12 h 24 h 48 h

Distilled H,O 8.00*" + 0.00 10.33% + 4.04 17.00" + 3.60 14.00* & 4.00
DMSO 8.00" + 0.00 10.00™ + 3.00 7.00° £ 1.00 8.33° + 1.00
CR4*5000 ppm 8.00% + 0.00 8.44%¢ + 1.02 3.56 ¢ + 0.69 1.44° £ 1.02
CR6 5000 ppm 8.00* £ 0.00 5.89% + 1.54 2.78% +1.39 2.11° + 1.64
HC4 5000 ppm 8.00* £ 0.00 6.11°¢ + 3.08 2.00 + 1.17 1.89° &+ 1.02
HC6 5000 ppm 8.00* + 0.00 478 + 0.77 3.56° 4+ 0.77 1.67° 4+ 1.45
MT4 5000 ppm 8.00* = 0.00 2.89% 4 1.17 1.55% + 1.71 1.22° 4+ 0.69
MT6 5000 ppm 8.00* = 0.00 31194+ 0.84 2.11° 4+ 0.84 1.22° 4+ 1.07
SP4 5000 ppm 8.00* + 0.00 5.22° 4+ 2.04 3.78% + 0.84 2.22° £ 0.51
SP6 5000 ppm 8.00* £ 0.00 7.22%¢ 4 414 411 + 1.95 1.78° + 1.71
Carbendazim® 8.00" + 0.00 5.67°0 £ 0.58 4.44° 4 2.00 1.00° £ 2.52

"Means from 3 replicates; *The different superscript letters in each column show the significant differences at p < 0.05 among treatments;
¥Thoeng in Chiang Rai province (CR), Mae-tang in Chiang Mai province (MT), Hang-chat (HC), and Sob-prab (SP) in Lampang province;

#1000 ppm (recommended concentration)

Table 7 MIC and MFC of GI crude extract against C.
gloeosporioides

Treatment MIC/MEC (ug/ml)"
12h 24 h 48 h

Gymnemic acid 256 > 256 > 256
Crude CR4% 256 10,000 > 10,000
Crude CR6 > 256 10,000 > 10,000
Crude HC4 256 10,000 > 10,000
Crude HC6 256 10,000 > 10,000
Crude MT4 256 10,000 > 10,000
Crude MT6 256 10,000 > 10,000
Crude SP4 256 10,000 > 10,000
Crude SP6 256 10,000 > 10,000
Carbendazim® 1000 > 1000 > 1000

"Means from 3 replicates; “Thoeng in Chiang Rai province (CR),
Mae-tang in Chiang Mai province (MT), Hang-chat (HC), and Sob-
prab (SP) in Lampang province; ¥1000 ppm (recommended
concentration)

of fresh filtrate of GI from leaves, and it is practical and
easy to apply. In addition, the solvent used is water, which
is safer than other solvents used in this experiment [21]. It
was found that all aqueous crude extracts at a concentration
of 1000 ppm from GI were able to inhibit the growth of C.
gloeosporioides (very virulent isolate) and significantly
different from the control. In the literature, studies have
been undertaken on the bioactive compounds from various
medicinal plants with antifungal potential for plant patho-
gens. Saardluan and Sruamsiri [22] revealed that a Piper

retrofractum ethanol extract at a concentration of 500 ppm
and higher concentrations completely inhibited the growth
of C. gloeosporioides equal to benomyl at 500 ppm.
Antifungal activity of Cinnamomum camphora extracts
against Colletotrichum lagenarium, the causal agent of
anthracnose in cucumber, was also studied. The results
showed that the extracts of cinnamon demonstrated 95%
control of C. lagenarium at a concentration of 16 mg/ml;
and the MICsy was 2.596 mg/ml against C. lagenarium
[23]. Likewise, the study of Zingiber officinale rhizome
extract, Polyalthia longifolia, and Clerodendrum inerme
leaf extracts exhibited more than 80 percent inhibition of
mycelial growth and total spore germination inhibition of
C. musae [24]. Although plant extracts in plant disease
control are beneficial, sometimes the results may differ
depending on the type of plant used to extract the active
ingredient. A study of the effects of tobacco (Nicotiana
tabacum) and castor plant (Ricinus communis) extracts
showed that at concentrations up to 100,000 ppm, tobacco
extracts were able to inhibit the growth of C. destructivum
mycelium; acting as an “accelerator” of fungal germina-
tion better than controls [25]. GA inhibited the growth of
C. gloeosporioides after being incubated for 12 h; the MIC
was 256 pg/ml, and the MFC was > 256 ng/ml. Consistent
with the report that gymnemic acid at a concentration of
400 pg/ml upward, inhibited the adhesive nanofibrillar
activity of Streptococcus gordonii and Candida albicans
mono-species and dual-species biofilms [26]. GA inhibited
biofilm nanofibrils and reduce mycelial growth by
inhibiting  glyceraldehyde-3-phosphate ~ dehydrogenase
activity of S. gordonii. The suppression of GAPDH enzyme
consequently stimulates the expression of biofilm
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formation in C. albicans. The inhibition affected the ger-
mination of C. albicans and diminished the pathogenic
ability.

Moreover, the aqueous extract of Gymnema sylvestre
and gymnemic acid showed a large zone of inhibition
against Staphylococcus aureus, Escherichia coli, and
Candida albicans. Consequently, the extracts showed a
better antimicrobial activity than of the commercial
antibiotics fluoroquinolone and ciprofloxacin [27]. Terpe-
nes and their derivatives are secondary metabolites com-
monly found in essential oils and have antimicrobial
activities against susceptible and resistant pathogens.
Wagner and Merzenich [28] reported that the potential of
antimicrobial agents was triggered via several mechanisms
in integration, so this provides a multi-targeted pharma-
cokinetic effect, allowing concurrent elimination of exist-
ing resistance mechanisms in a specific pathogen. Crude
extracts of GI and GA were able to inhibit the growth of the
pathogen. However, the use of gymnemic acid should be in
high concentrations. In contrast, a high concentration of
crude extract might have an adverse effect on plant cell
walls and cell membranes. Gymnema spp. contains a high
content of phenolic compounds, including eugenol, methyl
eugenol, 4-ethyl guaiacol, and 4-vinyl guaiacol, which will
cause dissociation of the cell membrane causing cell wall
degradation and cytoplasm coagulation [29, 30].

Conclusion

The extraction by the Soxhlet method produced the highest
percentage of GI crude extract, followed by fresh filtrate
extraction. Gymnemic acid was detected from the extrac-
tion methods by using the RP-HPLC and NMR. The
pathogen used in this experiment was C. gloeospori-
oides isolate 2.1, highly pathogenic and resistant to car-
bendazim. One-thousand ppm of GI crude extract strongly
inhibited the growth of C. gloeosporioides isolate 2.1
mycelia, with the highest percentage of inhibition from the
SP4 extract, followed by MT4 and CR4. The effects of
crude extracts on spore germination, after 0, 12, 24, and
48 h incubation, showed that MT4 and MT6 at 5000 ppm
significantly reduced fungal spore number. The MIC and
MEC of the crude extract and GI at 12 h after incubation
were 256 pg/ml and > 256 pg/ml, respectively. After
incubation for 24 h, the crude extract exhibited MIC and
MFC of 10,000 pg/ml and > 256 pg/ml, respectively.
While GA lost the ability to inhibit the causal fungus.
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