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Development of Natural antifungal agent

against Fruit disease from penicillium spp.
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SUMMARY

Rheum palmatum, medicinal rhubarb i1s a large, leafy perennial with
hollow stalk that may reach ten feet in height. The root/rhizome is the
part used medicinally; it is thick and branching, with a brown exterior
and a yellow interior. It is native to china and Tibet and is cultivated in
Europe, India and Pakistan. The rhizomes contain powerful anthraquinones
that act as stimulant laxatives and tannins that acts as astringents.

In this studies, 102 ethanol extracts of natural herbal plant were
screened for antimicrobial activity against several bacteria; Bacillus
subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli.
From investigation of the inhibition zone diameter of microbial growth by
paper disk diffusion test for antibacterial activity and radial growth rate
test for antifungal activity, the most significant antimicrobial activity

against bacterial species was observed from the extract of Rheum spp.

Anthraquinones are proved major constituent of FRheum spp. for
antifungal effect by subfractionation and separation test. Chrysophanic
acid, Aloe-emodin, Emodin were rheum specific anthraquinones. Rhubarb
extract are standardized as it. HPLC analysis method for anthraquinones
is determined. 6 samples from Rheum spp. were tested. Rheum palmatum
1s shown most effective antifungal effects. GNCO11, standardized Rhubarb

extract 1s developed by standard extraction process with Rheum



palmatum. It contains 2.1% of anthraquinones (Chrysophanic acid, Emodin,
Aleo—-emodin) and the recovery rate is 14.5% by repeated ten process.

When GNCO11 is investigated by radial growth rate test, the minimum
inhibitory concentration (MIC) of the extract against the microorganisms
was determined. GNCO011 showed strong antimicrobial effects against
penicillium spp. The MIC on penicillium spp was 0.lmg/mL and applied
concentration was 1lmg/mL.

Antifungal effect of GNCO011 is not inhibition single mechnism but
shown complex inhibiton pattern of spore, sporangium, germ tube, spawn
generation 1in life cycle.

GNCO011 was markedly effective to control the postharvest decay by
spray at 7 days prior to harvest. When the fruits were sprayed at 7 days
prior to harvest and subsequently store for 2 months, the percentage of
diseased fruit by penicillium spp. was 3.5% in GNCO011 at 1lmg/mL and
2.6% in iminoctadine triacetate at 0.2mg/mL respectively. On the other
hand, the percentage of diseased fruits was relatively high, 47.4% in
no-treated group(negative control) at time to 20 days passed..

In toxicity test, there were low toxicity in fish, the LDs value was
333ppm at 1 week later. There were no deaths at the high dose,
1,000mg/kg in rats. Mortality, organs size, morphological development and
average body weight were unaffected in rats At the high dose.

In this studies, GNCO011 was developed by nontoxic, safe antifungal

agents against postharvest decay of fruits by penicillium spp.
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M 3 & A7ofgrd g 2 Zof
A1 d AT

1. 3 (Rheum spp.)

Ao r g5 wgon REFdAE 1% LS 34 (laxative) A5
A FTE FoE AAMA(dysenteric diarrhea)® AFE¥H 7% dtth4). A5
s AFARZARA 1 9], DolA DS AAFE 2230 2oL wpE gofo R
AbEglom Z1AFAA, B Y, FAY, FEFoRERE AFEITHG6). I A
SARARZE ARRATT). fFrHAAAME FEARE AFEE AL Swedish bitters(ZF
el dF)el ¥71% ATH®).

kg F0 2= Rheum dofficinale =+ Rheum palmatum L.°] 1 T8 Fog2+=
Rheum tanguticum Maxim. ex. Balf, E. emodi ¢ R. webbianum®] )
rhaponticum< garden rhubarb@}il® 3t k& HTE 2807 o] 85
= Foll et vhFetth9,10,11,12)(Table. 1),

B Ao A} EEE 8-S Rheum palmatumol™ w53 == Fgost

oleta Hvl(Fig. 1) SO ALGT i QWA O ZHRE ALG T
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(a) (b)

(c) (d)

Fig. 1. Rhuem palmatum. a)leaf, b)flower, c)d) root
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Table 1. Rhubarb Species(continued on next page)

Botanical

Common

Name name Description

Rheum Ornamental This plant likes to grow in or near water, in summer it has red

acuminatum |Rhubarb seedpods. It is disease-free and hardy all across the country
(Canada). Low mounds of heavily veined leaves, rich red
petioles, and upright, branched and spidery stems or red flowers
to 4 feet (1.25 m). Adaptive to full sun or partial shade in rather
rich, humusy soil. Cut it hard back after flowering to rejuvenate
foliage for the remaining season. Excellent autumn tones of red
in full sun.

Rheum Ornamental An ornamental rhubarb. Spikes of flowers rising to 3-4 feet

alexandrae |Rhubarb (1-1.25 m) completely shielded by large, translucent white
bracts, and in autumn, spectacular red autumn color.

Rheum European Wild |Leaves used for wrapping cheeses, rhizomes used as pig food.

a/pjnum Rhubarb

Rheum

altaicum

Rheum Himalayan Seven foot (2 meter) long stems have yellow flowers in late

australe rhubarb spring—summer. Red stems with large greenish red,
heart-shaped leaves.

Rheum Perennial, typical height 50 cm (19 in) Edible parts are the Leaf

compactum stems as a rhubarb substitute.

Rheum Perennial, The root is laxative and is also considered good for

coreanum digestion.

Rheum Rheum officinale and Rheum Emodi have to some extent

emodi been grown also as an ornamental plant, being also quite hardy
and readily propagated.

Rheum A charming, diminutive species. Red-stained crinkled foliage to

kialense 15 inches (38 c¢cm) and airy panicles of tiny greenish-red
flowers. Stoloniferous (a stolon is a horizontal branch from the
base of a plant that produces new plants from buds at its tip
or nodes (like a strawberry does), also called a runner), it will
form a dense groundcover over time.

Rheum Sikkim rhubarb

nobile

Rheum Chinese rhubarb |Perennial, typical height 2 m ( 6.5 ft) E. Asia — Tibet. Hardy to

officinale Indian rhubarb |USDA Zone 7. Leaf stem eaten cooked or raw, Rhizome

considered medicinal.
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Table 1. Rhubarb Species

Botanical Common Description
Name name
Rheum Turkey rhubarb |Some sources say Rheum palmatum is a synonym for
palmatum Rheum rhaponticum but this is not correct. The leaves of the
Chinese Turkey Rhubarb are palmate and somewhat rough. The root is
thick, of an oval shape, sending off long, tapering branches;
rhubarb externally it is brown, internally a deep yellow color. The stem
is erect, round, hollow, jointed, branched towards the top, from
East Indian 6 to 10 feet (2-3 m) high. This species is distinguished from
Rhubarb our familiar garden Rhubarb by its much larger size, the shape
of its leaves, with their oblong, sharpish segments, and the
graceful looseness of its little panicles of greenish-white flowers.
The first buds which appear in spring are yellow, not red.
Perennial, typical height 2 m (6.5 ft), Leaf stem eaten raw or
cooked. Superior in flavor to the common rhubarb and quite
tender, has a long and proven history of herbal/medicinal
usage Bold, dramatic dark purple foliage with 6 foot (2 m) long
stems that bear rose-red pyramids of flowers in late spring.
Several varieties of this are known: 'Atrosanguineum’, 'Bowles
Crimson’, rubrum, tanguticum, and tanguticum ‘red selection’.
Rheum Rhubarb Strong perennial, with thick clustered roots. Similar in medicinal
rhaponticum |Garden Rhubarb|action to Turkey Rhubarb or Chinese Rhubarb, though milder. It
Bastard Rhubarb |is derived from Rheum palmatum, and from Rheum
Rhel_”" X Sweet Round-| |officinale. It has blunt, smooth leaves; large, thick roots,
hybridum eaved Dock running deep into the ground, reddish-brown outside and yellow
Rheum English Rhubarb |within, and stems 2 to 3 feet high, jointed and purplish. The
rhabarbarum Wine Plant flowers are white.
Rheum x
cultorum
Rheum ribes Perennial, typical height 1.5 m. ( 4.9ft) Leaf stem - cooked.
Eaten raw by the people of Turkey and Iraq.
Rheum Perennial, typical height 30 cm. (11 in.) E. Asia — Himalayas.
spiciforme Leaf stem - raw or cooked. The root is used as a purgative.
Rheum Tartarian
tataricum rhubarb
Rheum
tibeticum
Rheum 4-5 feet (1.25-1.5 m) tall, Earlier and smaller than A.
unadulatum rhaponticum
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SHA = AFRE = A EA T L E=H senna, buckthorn, cascara sagrada®b
aloe s°] ATH14). oleld FEAAES Aol wet Ado wep FE=24go w
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Sennosides A3 W Wl OdsiA A 22E 2F9HA gL A=
AH(17). &= v Anthraquinonei ¢l Emodin, Aloe-emodine &<t & 5
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tumor invasion(18)9} Apoptosis(19)¢] #3sle] 3oy &S sl glow
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Table 2. Constituents of Rheum palmatum.

3,5,4'-Trihydroxystilbene—4'-o—beta—d—glucopyranoside

4—(p—Hydroxyphenyl)—2-butanone—beta—d—glucoside

Aloe—emodin antiherpetic, antileukemic, antiseptic, antitubercular,
antitumor, antiviral, bactericide, cathartic, cytotoxic, genotoxic,
pesticide, purgative, termitifuge, and viricide

Chrysophanol 690-3,190, antiseptic, bactericide, candidicide, cathartic,
hemostat, pesticide, and purgative

Cinnamic acid anesthetic, antiinflammatory, bactericide, cancer—preventive,
choleretic, fungicide, herbicide, laxative, pesticide, and vermifuge

d-Catechol

Emodin antiaggregant, antifeedant, antiinflammatory, antimutagenic,
antiseptic, antitumor (breast), antiulcer, antiviral, cathartic, cytotoxic,
gonadotropic, immunosuppressive, pesticide, purgative, spasmolytic,
styptic, vasoelaxant, viricide

Gallic acid anticarcinomic, antifibrinolytic, antioxidant, antiseptic, antiviral,
astringent, bacteristatic, cancer—preventive, carcinogenic, hemostat,
nephrotoxic, pesticide, styptic, and xanthine—oxidase—inhibitor

Hyperin antiinflammatory, antioxidant, antitussive, antiviral,
capillarifortificant, capillarigenic, diuretic, hepatoprotective, hypotensive,
pesticide, and viricide

Physcion antiseptic, cathartic, pesticide, and purgative

Physcion—8-o0—beta—d—gentiobioside

Physcion—diglucoside

Quercitrin aldose-reductase-inhibitor, antiarrhythmnic, anticataract,
antifeedant, antiflu,antihemorrhagic, antiinflammatory, antiviral, CNS
depressant, cancer preventive, cardiotonic, choleretic, detoxicant,
diuretic, dye, hepatotonic, hypotensive, paralytic, pesticide, spasmolytic,
vasopressor, and viricide

Rhein  anticarcinomic, antiseptic, antitumor, antiviral, bactericide,
candidicide, cathartic, cytotoxic, pesticide, proteinase—inhibitor,
purgative, and viricide

Rheinosides 12,900

Rheosmin

Sennoside—a 2,000-8,740, purgative

Sennoside—b purgative

Tannins 50,000-100,000, antidiarrheic, antidysenteric, antimutagenic,

antinephritic, antioxidant, antiradicular, antiviral, bactericide,
cancer—preventive, hepatoprotective, pesticide, psychotropic, and
viricide
Tetrarin

(ref. 24, 25, 26, 27, 28, 29)
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Sk ks Emediri-0-f-Dgfoeprarnide. 00l CHY OH GH
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Fig. 2. Structure of anthraquinone and stilbene derivatives from Rheum spp.
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Oxalic acidi= 4N calcium¥ 235t &84 calcium oxalate crystals&

FAsta ol A FAHE AGAAe] Hrk AAFAA Y] WHol W Alg
< oxalate® T3l e EE AR EH&o Foldok Hrh(30).

&S 5710% AE9 tanninsg 353t o} tanninsS TS A2 9 drt
Az dAEE phenolic compounds®E B o] HF1} x50 &40 10%°]

Ae RS ABAE gl AEE 9ok & Ak WY ARAAE

= AAF 2 Aad S 237 93 ¥ dosageo A anthraquinone®] 48 A
A A WHHE {Ed) Lo A= anthraquinone &Ajo] A ujd oz Z-&3)
of o] gy wiwe A3 H22). st g i3 = stilbene

TA 52 LA s 7HA A AHHE.

o g FEE2e AT dATolA Futely aAlzA B3l A3E B
anthraquinone % &2 HSVI1, measles, polio and influenza virusell &ujo]&l
S ®o]m(32,33,34,35), Wk HIV1, vacinia virusesoll = &%o] f1tH(36,32).

Rhein A #-8 Bacteroid fragalis®l W& &0l gloew(37) ® thE Ax=
MG acid fast bacteriaol] &/do] Aok A7 JATHEY). o] 3t
5<% mitochondria®] AAAEA ] Z&3= enzymes Walst= Aoz o34
th(39). T=rolAl 1579 Al dASAE ddow fds FATFA 66% A
F&o] BHiH7|% a3 vH40).

Babu &< Rheum emodiol X @i =& 7FA &= A2 oxanthrone ester %
s Hydlondnoen 919 oy AFANE o] gt B FgBole §
T Folgt oAdFAY. TS 32 5710%9] Stilbene fFE=AE 7FAL 3loH
Jayasinghe Sl 93 dFFolseo] Aol UFHANLM(42) Singh
T2 &Y FEAER Emoding 1759 #3olol s Ax xapdtols o
AA G B s th43, 44). o] 2ol %= Anthraquinones % Napthoquinones 2]
gt 9 FFFol ol e Be Barh Ho]drh45, 46, 47, 48, 49).
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Penicillium spp. €° 23 72X SHe 7= £33 & /%5 9 AF Fo 7}
A He HoerA 53 A Foll AstA wAHY =g v&E Fa
Atk FES FIHAII= Penicillium 7
Penicillium digitatum, 2 33°1WE dO7|= Penicillium italicum, Z12]3L
Whisker moldE& 9271 Penicillium ulaiense & °] X% o] th(50). o] &2
WA= oAy 71A7F g QAL v 49 Imazalils o83 FALAZE B
Ha} 5o} 9laL(5l, 52, 53), & 7HAl FUIEEES o1& WAR Al=Ha 3l
th(54, 55, 56). B3t &% Candida oleophila®t ATt Pseudomonas syringaes ©|
B3 A EF ool ofn] AEstHo] Al lom o9 o mAESE &
g W AZE A ] Qrk(57, 58, 59, 60, 61).

el A5 AEAEE WAE AT fAVE S HA @i e F &

(62)2 43+ 10¥ A thiophanate-methyl 1,0008f 4& =AF AFxshd wiAo] &
W7 kAl Baekglal w7kl A % thiophanate-methyls Bl &2 4 02 AR5}

of gtk e} o BAL A el AA 1 msh wel Wold i A4
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B g A& F A8 3 (Rheum palamtum L)L ZAEAZ SolA

FHE AReln FYPA Tl 43T 14 F APl g

F= 4 88 &vle EPH &WE ATHte A : °}
S5 A kSs ARtk HPLC & 2410 AH&¥ &= &vi= HPLC grade &<}
FRsFrE ARt Hudd #® 24e AgEHe= ZeEede

Sigma-aldricholl A F+93Fe] AFE3FA T 2+ A&+ Crysophanic acid(98% CAS
481-74-3, Aldrich 229075-50MG), Emodin(>90%, CAS 518-82-1, Aldrich
E7881-50MG@G), Aleo-emodin (95+%, CAS 481-72-1, Sigma A7687-100MGQG),
Gallic acid(CAS 149-91-7, Sigma G7384-100G), trans-Cinnamic acid(99+%,
CAS 140-10-3, Aldrich C80857-5G), Oxalic acid(99+%, CAS 144-62-7, Aldrich
241472-50G), piceatanol(Sigma P-0453)2 A}-&3lom HPLC #A o+ Gemini

5u Cl8(phenomenex, 150x4.6mm)< AF-&3H%3

MP : Gallenmkamp melting point apparatus(uncorrected)
IR : Victor22 (Bruker)

Shaking Iucubater : jeiotech

Inncubator : Cheil science

Constant Temp. & Humidity Chamber : Cheil sicience

Vaccum Evaporator : Eyela
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HPLC : Knauer

Anaerobic Jar : Difco

Autoclave : Vision Scientific

UV spectrophotometer : Opron 3000
Deep Freezer : Thermo Forma

pH meter : Corning

Electrical Balance : Mettler, Sartorius

o
N

AFE Ao Ax A D AFaolA Penicillium spp.ol ©3] Fo=

0

¢ (

ZHH HFHAE ARESEe] 0.05% Triton X-1000] 7k Eatol

e
Fl

o] 1/2 A3 AR (PDA, Potato dextrose agar)’dolA] H#A3|Myo=w
A2 EEste] Abgsh BelE Mt 52 PDAWIA] o HFse] SFA

F 4T Ex 20T ®assith wdd #5584 AAel o8 v
ke

N

v

Aol wet ZmAFFo|HS Ao I= Penicillium digitatum, 230 H S

1S

© 71% Penicillium italicum ©1¢ MZF 5A9 HALS FIA7= Penicillium

Penicillium sppd ®WdS Y3t 8ix= A3 A (PDA, Potato dextrose

agar, Difco 213400)2 A}-&3}%t}.
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1) Agar diffusion test(79) : Paper disk diffusion.

AdAF5Eo ZF NS ES serial concentration® 2 Acetone®] 3413l 9 mm

217 9] paper disks (no. 2668/2; Schleicher and Schuell, Dassel, Germany)®ll
A 8E AAIth acentoneo] 5 =wE F o] HEFH agar plates? T4l

e F 3U4E MYATWA AbAe] a71E A2 Sgach

2) Radial growth rate test(79)

Age dAsES FHMAAN HolM nPuiAE RPEY

= 5
2 @auAel gES] FABL I WA TF A/E BFdu AR

o,

zq9t 7 FEAR 344 2 A9

o

g
AzE 37 24kgS Methanol/HO(1:1) WA o2 33 F&3)e] 7

1‘)4

=
800mL DW= suspension A]7]iL o] A< thA] Hexane 800mLE 33] §hE-&lo]
F%3l9 Hexane FZ% 135lgs AJTHETE-RE0L). YAl 355 Methylene
Chloride 800mL= 33] ¥H5 F%3te] MC F%% 7.45¢% AJATHF-RE02). v}
Al =< FEthyl acetate 800mL=Z 33] ¥+E %3} Ethyl acetate F+&%&
16756gS AAJATHEF-REO3). Al n-Butanol 800mL=E 33 #®HE FZ3}o]
Butanol F&& 46.05gS AAJHF-RE04). UHA 58 71=239 66.05g%

A AHF-RE05).(Fig. 3.)
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Faw meatesial (2.4Kg) ]

MeDH EX.

Hexane EX.(13.51g) : F-REM |

H0 laves

\

MC EX.(7.459) : F-RED? Ho0 layer |

|

| EtAC EX.(167.569) : F-REO3 | | H0 layer
|

I

BUOH EX.(46.05g) : F-RED4 | | M0 laver(66.05g) : F-RE05 |

Fig.3. Fractionation of Rheum palmatum
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3-2-1914 E3& Fo MC F%%E(F-RE02)E Column Chromatography

2 AFEgor #eadtk(Fig. 4.).

MC Ex. (F-REQZ]

A2 C.C
Hexare/Ei0ALIS: | ) ~hawane/EioACAeDHIE | 2]

ENER B RO RS ED R ED B ED

Fig. 4. Subfraction of Methylene Chloride layer(F-RE02)

3) 2EFEeAH & GNCOLL +E374
gl

zd & d=< AR 95%0]de] 2717k 4mm v vho] HIH

o] 50% Acetone &
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i w44
7
< 50% Acelone
1
| i)
E .
Y Filtrate
at Evaporation at 50°C
Waler residue
Cwer |
Kight l l
8:2 = rButaol:Toluerns | | Waler
] | L5
E l A%
50% Ethanol
Cwer
Might ¢ 2=
(HE71] GNCD1

Fig. 5. Standard extraction procedure of GNCO011
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2 AFolA= tide Antraquinoned A& (Chrysophanic acid, Emodin,
Aloe-emodin : Fig. 6.)& A FAR o2 3o TR AAHS AAsgon Ay &

e obelel 2,

¥F99]  FA :  Crysophanic acid(98% CAS  481-74-3, Aldrich
229075-50MG), Emodin(>90%, CAS 518-82-1, Aldrich E7881-50MG),
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Aloe emodin® % (mg)
Ao 3 3H A

= [T LTI I T I T T T LT T T T T T T T % Ao 5] 9k )
R gads

Chrysophanic acid®] %(mg)
Aol 13 A B

— CTT T T I T T T T T LTI T T T TT] < Cpgha l 3522 <k fig)

FETEIEERE
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Fig. 6. Standard constituents of GNCO011
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Fig. 7. Screening test of natural antimicrobial materials
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}gol s oFsk Sl th(Fig. 15. table 5).

ﬂ m
QL‘
2
of

A8

]
ot
N

of
i

_50_



Fig. 14. Rheum spp. in this study for raw material standardization. A. Rheum
undulatum Linne, B. Rheum palmatum Linne, C. Rheum Franzenbachii

Munt
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Table. 4. Rheum spp. used in this study.
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Fig. 15. Radial growth rate test of Rheum extracts
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Table. 5. Radial growth size of Rheum extracts.

(&9 : cm)
No 10 mg/mL 1 mg/mL 0.1 mg/mL
S-REO1 1.3 1.9 2.3
S-RE02 0 1.7 2.3
S-REO03 1.3 1.8 2.2
S-RE04 0 1.0 1.6
S-RE05 0 1.3 2.2
S-RE06 1.3 2.0 29
S-RE07 15 2.2 2.8
S-REO08 1.7 24 2.9
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Fig. 18. Antifungal effect of GNCO11 dependent on conc. and time.
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Fig. 19. Antifungal Effect of GNCO11 dependent on spore population.
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Fig. 20. Supression of spore germination by serial concentration of GNCO011
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Fig. 21. Suppression of sporangium formation on GNCO011 treated.

_64_



Contral ; 0.01img/ml

0, Loig/ vl Linag/mal

Fig. 22. Suppression of germ tube and spawn generation on GNCO11 treated
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Fig. 24. Antifungal effect of GNCO11 treated on mandarin orange.
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Fig. 25. Mold symptom suppression of GNCO11 treated on mandarin oranges
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Fig. 26. Field test of GNCO11 treated on mandarin orange.
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Fig. 27. Fish toxicity test of GNCO011
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Table 5. Acute toxicity test of GNCO11 : Body weight
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Table 6. Acute toxicity test of GNCO11 : Blood analysis I
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Table 7. Acute toxicity test of GNCO011 : Blood analysis II
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Table 8. Acute toxicity test of GNCO11 : Blood analysis III
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Table 9. Acute toxicity test of GNCO11 : Blood analysis IV
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