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ABSTRACT

Background: The genus Trichosanthes (Cucurbitaceae) comprises biennial and perennial herbs
distributed across East Asia and Australia. The roots of T kirilowii var. kirilowii have traditionally
been used in the herbal medicine Trichosanthis Radix. The two varieties, var. kirilowii and var.
Japonica, are distributed in Korea; however, their morphological similarities make them difficult to
distinguish, and the taxonomic status of var. japonica remain understudied. Therefore, we investi-
gated the micromorphological and anatomical characteristics of the 7. kirilowii complex in Korea.

Methods and Results: External morphological and micromorphological traits of leaves and roots
were examined using stereomicroscopy, light microscopy, and scanning electron microscope
(SEM), while anatomical characteristics were analyzed using a digital slide scanner. The results
clearly distinguished the two varieties based on their external morphological and anatomical traits.
Conclusions: Lenticels on roots, leaf epidermal cell size, mesophyll cell density, and starch gran-
ule density in the root parenchyma were useful diagnostic characteristics. These findings provide
morphological and anatomical evidence supporting the recognition of 7. kirilowii var. japonica as
an independent species, 7. japonica. Further studies incorporating diverse populations and multi-
disciplinary approaches are required to validate these diagnostic traits and assess their potential as a
source of herbal medicines.

Key Words: Anatomy, Scanning Electron Microscope, Trichosanthes kirilowii var. kirilowii,
Trichosanthes kirilowii var. japonica, Trichosanthis Radix
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SF=ERS (Trichosanthes L. B}2} (Cucurbitaceae Juss.)
o &ale BERToR, A AA 90-1000] Fow FAEI,
T, Y&, I, ool S FAO| EX&H, 53] &
doprlololl ] F tpado] =2 A= UdHA Ut (Rugayah
and de Wilde, 1999; Cooper and de Boer, 2011). =tujoll=

[T. kirilowii var. japonica (Miq.) Kitam.] T F°] E¥3&=
ZoR dHA slon, HZole nVF AHERE Biud H2
St=El2] [T cucumeroides (Ser) Maxim. ex Franch. &
Sav}E XEFsle] F 3Fo] EXske AR AAHI Utk
(Kim, 2020; Kim et al., 2020; Korea National Arboretum,
2022).

B 2 252 o] dA] (biennial) == thaA) ZE (perennial

S=ElR] (T kirilowii Maxim. var. kirilowii)2} =%3sF=El2] herb)©. 2, T)F-E- 213015 (dioecious)0] 1, F= & Hoko =
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Xl - zlplE - 2EH - EFES
22 (fimbriate) 312 (petalye 2h= Zlo] 540k Hgt £0=2 o)X (generic transfer)3t] Trichosanthes japonica
dril= 2t (pepo)E, 7% (globose), 't : (Miq.) RegelZ *2]3}3 M, Kitamura (1943)= sh=El] <}

(ellipsoid) == W53 (fusiform)e] FEIZS 7AH, o]z|3t
Aol o5 t}2 43} FEEC} (Schaefer and Renner, 2011;
de Boer et al., 2012).

Shsells 4Ee] U RHLE T opilo} oA
QolLt Gk 480 ol g, AEE T DY

97} SEA, WEA 2 LS AHSEE 5 AE 2 o)
2N AAH 77 =2 EFLES ST (Ram and
Srivastava, 1999; Kumar et al., 2012; Godbole and Patil,
2024). 1% sheER ] Heet TR g HlES ofF o
7hllA kR FEEY e AR dEA Ut (Lily,
1980).

tjetl=+eFA (The Korean Pharmacopoeia, KP)l& 3l=

BlEIE 7I910® ke glef (Yoh) F5R HF (FRHIR, A
oFr: Trichosanthis Radix)® ZF<0 (&1, AJ<g:

Trichosanthis Semen)©] S=#1=|¢] $It} (Ministry of Food and
Drug Safety, 2024; Korea Institute of Oriental Medicine,
2026). ©] & FFIL k=t =l AMske
B2 (T rosthornii Harms) ¥2]9] 13 & AAT A= %
al, o]k, s, A B G A8 Fol ARske AR

=
EE

AdH A AUtk (Lee et al, 2001; Joo et al., 2018). 3+ 3}
Selg]e] Byl AAEE Eg)ZA (trichosanthin)ye &

=

& 2 ghloles F A S 7= AR HiaE] ¢l
t} (Byers et al., 1990; Tuya et al., 2017).

¢ shsER] el MRl wislksEEe sheERet FHA
o2 g FARI, = s 2R3 719Ee
2 XFE A frh whH, JEokd (JEeF=; The
Japanese Pharmacopoeia, JP)l= 3SI=ElE|t T bracteata
(Lam.) Voigteh A a8 25l A=) 0] (Korea
Institute of Oriental Medicine, 2026), &&o}r]o} b 7¢
71h4%0l 2}po]7t £} (Ministry of Health, Labour and
Welfare, 2022).

oM = sERE 7o 3 oHlE FEes B
FEAR, shsEleloke] X A9 3 2 FHA AL
2 & sksElRIZ 2" 7FeAel &t ol uet fE
oHAI7E f5E SE7E Ak 53] 2RI FE AW e

B P rg-fEEng, §eto] o3 HER 9Ee +
Holl= @7 e ZAe® Hiwo]l Utk (Park ef dl,

2021; Xue et al., 2023).
slEERe 2 EREH SRl tisl] thsk ool Al
715)0] gt} s EHS Miquel (186500 28] & B
Hlom, 9 (apex)o] 3= ZEHAIL AA (cordate)E
Zbe 5o S ZAR AF Gymnopetalum japonicum
Miq.2 2 FEESITE ©]F Regel (1869) ©|= Trichosanthes
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FEg 2pole glovt Eape] o] o ofFaL PRt el
gk HFel7t flvks Je AR sheER]d] uEes Ast
AlA T, kirilowii var. japonica (Miq.) Kitam.Z <12]3}%]

A7 = sl = =dsksEEE ket ojHoR
012)3}71t} (Chang et al., 2014), HEo = <1A3sl= A
(Kim, 2020), & =98 Zoz Hz)sl= As) (Park e

al., 2021) & HFE 27 iAol T8k At

ople] ZpEl Qo] 917 Fehsra YAt ohjeh vl
Hets @ slels Yo vl s Age] BRekd

Aol 83 Hogoz &85 ot (Song ef al., 2020;
Antunes et al., 2023; Eum et al, 2025; Lee et al., 2025).
ol AW HAS T nAFETH #H e A
AE viReR B 1 Vs SEY devt itk &
P egelstele A SR fAI7F BEe, &5 Al
Al wle} 719%e) Welk getd & lomz shgeleslel
vl G477t B5Holth, Jet BREe) /195 shsek
S 5% 29 BRT0 wPeEEE hYos & FPH
oA RS B ek wla A7 ok e i glok

mEp 2 Aol A ol&d wAFHetE 2 5
R A FH0E sheEels =Fstseielel Jehss

(

¢

g sRa 54 BASdT o8 Bal T BRee 33
3 TR 5 e AW FAL Pk, T 8 )
& ANFIA S okt B 30 e 3
BN wigo R wysisEele] BRE 98 AQEstL
A 31

T
1. o1 R

Aol ARE sheEele mdsksEEe S AHEA
o} AAHE T beHol X AAEEEH7IEY oF
SAD A4 (Gyeongsangnam-do Agricultural Research &
Extension Services)®] A{ulx]ollA] A st 2 ek AA] Al
59 AdRE= 70% TS (ethanol)ol] 2Ag3le] AMFHRO T
Ao, yHAe YRR Algste] SEUSk A
B8ty A BFEY (FEY = CBUY| B3t} (Fig. 1).

A B 9 FEE nlgeg 13 T4,
T 79 A A4 rAE ARSI 231 TS RSl
7 BRTOE IHANS Aol AME-tATt
2. Q¥ HeiEN A

wmale] o e 2 ¥ tXE 7h|E} (digital camera;
Tough TG-6, Olympus, Tokyo, Japan)e} AAEW7 (stereo
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Fig. 1. Voucher specimens of the Trichosanthes kirilowii complex used in this study. A; Dried specimen of T. kirilowii var. kirilowii,
B; Dried specimen of T. kirilowii var. japonica, C; Liquid-preserved specimen and medicinal material of T. kirilowii var. kirilowii,
D; Liquid-preserved specimen and processed medicinal material of T. kirilowii var. japonica.

microscope; SOD, Leica, Wetzlar, Germany)S ©]-&3f] ¥z

Erdsg

3. OIMIElSHA

o] mAREEH FAS AEsp] fJa A AIRE o
& AR (50%, 70%, 90%, 95%, 100%)A z+ 1417+
@5t o] UAE AZ7] (critical point dryer; SPI-
13200J-AB, SPI Supplies, West Chester, PA, USAYS ©|-&
Slod A AxsRoH, 1xE AEe EFvlE SEE
(aluminium stub; 01501-BA, SPI Supplies, West Chester,
PA, USA)I 7HEH|o]Z2 ATt o]oja] o] F27]
(ion sputter coater; G10, COXEM, Daejeon, Korea)s ©|-&-
slo] Wgo R 4527 FAS §, AR (scanning
electron microscope; EM-30, COXEM, Daejeon, Korea)S
o] &3t 7k A 3 kV, #E A7l (working distance)
54-63 mm ol A=A

g o 299 39 IH, 755 24| 3]
Aot (NaClOYl 1417+ #2]5}
S FH3e & o R ¥yE Bsle] 3]
(light microscope; Leica DM3000 LED, Leica, Wetzlar,
Germany)2 ©]-83] &3t}

Fox PN |
34zl

E}

pil

o=
==

=i ©
= E%E

4. oliFsld o
reld P2 Bl ) ARE 70% olereo] 1A
st & A5xZ*2]7] (automatic tissue processor; STP120

Spin Tissue Processor, Myr, Tarragona, Spain)& ©|-&3}¢]

%]
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zAAg & vt E2 (paraffin blockyS A 23IATH o] %
ZA A 7] (microtome; Finesse ME Microtome, Thermo
Shandon, Cheshire, UK)E ©|-&3le] I2ld £E5& 10 m F
A2 Aot dud dye SEfo|=gefle Fakst &
Safranin O} Fastgreen FCFZ o|5d M3l J1HES A=}
skt

AzE JEFES tAE EElol= 270 (digital slide
scanner; 3DHistech Pannoramic Desk II DW, 3DHistech
Kft., Budapest, Hungary)& ©|-&3l 2708 & Hof 27
@l (viewer program; CaseViewer software version 2.4.0,
3DHistech Kft., Budapest, Hungary)S 53l Zaslic). A=
2 AL JhAE A, 10 791 72912 AEs =
£ 233 (Digimizer version 6.3.0, MedCalc Software,
Ostend, Belgium)S ©]-&-3sle] Z 303 4313t

=

<)

5. A 24

A P2 2A7S Ht + BFHAF (mean + standard
deviation)= A|Aat o™, dF A= SPSS 28.0 (SPSS
Inc., Chicago, IL, U.S.A.)S ©]-83}o] Student’s r-testS 433
FoaM A IS AFsIAT

24
=

2}
1. 25 Hefsix] oz

st=Etel (T kirilowii var. kirilowi)2} =%3l=El] (T
kirilowii var. japonica)®] A9, 43 H °fA BES HIRS



Fig. 2. Root external morphology of the Trichosanthes kirilowii complex. A-C; T. kirilowii var. kirilowii, D-F; T. kirilowii var. japonica

A, D; Periderm intact, B, C, E, F; Periderm removed.

T i B W 2718 7 W (tendril)e]
g3kt (Fig. 1). 92 A (alternate)o] 2

, & (simple)©]

™, 24 (palmate)2] FEE YeEY. 28y sksEle 9
Qe s7gelE WA ARt v, wgeraile) 2 3
T 58 EEHE A Zdebd JuF Alelrt Ekly

Table 1. Comparison of leaf micromorphological characteristics between Trichosanthes kirilowii var. kirilowii and T. kirilowii var. japonica

Stomatal position

T. kirilowii var. kirilowii

T. kirilowii var. japonica

Amphistomatic

Amphistomatic
Stomatal type Anomocytic Anomocytic
Adaxial side
Stomatal length (um) 27.50 = 1.59 22.67 = 2.06
Stomatal width (um) 15.17 £ 1.57 14.38 £ 1.28
Epidermal cell arrangement Isodiametric Isodiametric
Anticlinal wall Undulate Undulate
Periclinal wall

Trichome type/density
Abaxial side

Slightly convex

Simple multi-cellular/moderate

Slightly convex

Simple multi-cellular/moderate

Stomatal length (um)

Stomatal width (um)
Epidermal cell arrangement
Anticlinal wall
Periclinal wall
Trichome type/density

Petiole

26.28 = 2.96
16.97 = 1.74
Isodiametric
Undulate
Slightly convex

Simple multi-cellular/moderate

23.05 £ 2.42
16.34 = 2.22
Isodiametric
Undulate
Slightly convex

Simple multi-cellular/sparse

Epidermal cell arrangement
Anticlinal wall
Periclinal wall

Trichome type/density

Isodiametric
Straight
Slightly convex

Simple multi-cellular/sparse

Isodiametric
Straight
Slightly convex

Simple multi-cellular/sparse
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SisErRlet wRishsERIe) SE X e

Atk =22
female flower)¥ 5% (staminate, male flower) B2F &
For A WA shis 7He AoR SRlE
e, shstlele T2 79 FEE ved
shetlle T2 Bede] JuHE Btk

T3} (unisexual flower)Z, U3 (pistillate,
2

L

pu

HHH

T,

Bl

T RRRe W B WEY (fusiform)

(conical)>Z H]$¥ I (tuberous root)2] FHeNE LRI
t} (Fig. 2A, D). 9= AR, 59 (periderm)y= AZ22
ZAEAAY B2 s FHE BoH, FHE AASHA &
wrele] A2 AZMIRE 7R kel vkt

A9

Fig. 3. Light and scanning electron micrographs of leaf micromorphology of Trichosanthes kirilowii var. kirilowii. A-C; Adaxial
epidermis, D-F; Abaxial epidermis, C-I; Adaxial midvein, J-L; Abaxial midvein, M-O; Petiole.
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Fig. 4. Light and scanning electron micrographs of leaf micromorphology of Trichosanthes kirilowii var. japonica. A-C; Adaxial
epidermis, D-F; Abaxial epidermis, C-I; Adaxial midvein, J-L; Abaxial midvein, M-O; Petiole.

FE AAS el Ao Shaiag mit. & AASH ABAME FLA FI=HAT (Fig. 2B, C,
ok Be] FHoME T ERwelA] FEisk ot s E ).

ALt kel AT, BE A Wk 71Eo R | 9

Aol & (lenticel)e] 712 WEFo 2 Byl v ey 2. OMTEISE SR

Elg]ollM= old 27t FEEA] edodt). olgE Aol F Bedny 9 FARAAR A S o]8ste] sheEEet =%
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4

SISER[e eot=ElR|e| el & olfFEH Hlw

shsElE]e] o #3] nAIFH e FAg Azsidlth wall) 2F7F E-= (slightly convex) 3+ FENE HATH
F EBFe 9lo] = (adaxial = upper side)? wijE=H g (trichome)?] EX FolMe F BERc 25 9] F
(abaxial = lower side) =5 7] 5-E%A]| (stomatal complex) 9 (midvein)olA] THIEZ @R (simple multi-cellular trichome)

7} EA5k= 713 (amphistomatic leaves)© 2 1= %] 7F FEENY (Fig. 3G-L; Fig. 4G-L). tjTt, =&3s1=€ElR] 9]
o, 713EFA Y Fd2 BT EEE (anomocytic)*|ATE S M = REo] Ak vH, M e S UER
(Table 1; Fig. 3A-F; Fig. 4A-F). THAX (guard cell)2] Z3IAL, shstlele oM B $7F BER Xt

r
i

Bt 271 (Hol x Unl)y= F5He| 79, 27} stk ollA ¥ (petiole) EIMEE HES A3}, F R/t B Al
27.50 x 22.67 im, =FsHsEROIA 2267 x 1438 = W} X= g o R wjdEgon, £2We ZME (straight), W

wow, wiEHe] 7, shsEke]olA 2628 x 1697 /m, = FHE °oFF BE53 FEHE YRR, TAE TRot A
Fahsel ol 23.05 x 1634 um 2 YERGTH 39t} (Fig. 3M-0; Fig. 4M-0).

EIAE (epidermal cell)®] ¥W|¥E (arrangement)Z} FE|
(shapey= 7 wFwolA fFARHI Yersdth 5H viSA 3. olfifsiA S
REAA BIAEZE S8 (isodiametric) 22 HIE =0, slseElelo} wFslsEle]e] 9y Bigle] IuhH

=9 (anticlinal wallye 338 (undulate), 8= (periclinal ~ F EF+2] 782 F2& vt

o

Fig. 5. Leaf cross-sections of Trichosanthes kirilowii complex. A-B; T. kirilowii var. kirilowii, C-D; T. kirilowii var. japonica. L; Lower
epidermis cell, P; Palisade parenchyma cell, S; Spongy parenchyma cell, U; Upper epidermis cell.

Table 2. Comparison of anatomical characteristics between Trichosanthes kirilowii var. kirilowii and T. kirilowii var. japonica.

T. kirilowii var. kirilowii T. kirilowii var. japonica P<
Leaf
Upper epidermal cell area (um?) 709.57 = 262.56 258.98 + 154.44 0.001
Lower epidermal cell area (um?) 369.01 %= 26.35 186.58 = 33.48 0.001
Number of palisade cell (per 200 pm) 13.85 = 1.03 20.05 + 1.82 0.001
Root
Number of parenchyma cell (per 200 ym?) 52.33 = 8.50 37.10 = 3.61 0.001
Number of starch granule (per cell) 21.60 = 10.33 10.40 = 4.92 0.001
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Fig. 6. Root cross-sections of the Trichosanthes kirilowii complex. A-C; T. kirilowii var. kirilowii, D-F; T. kirilowii var. japonica. Arrows

indicate starch granules.

T BERFo o 55 (midvein)oll A <5 (vascular bundle)
2 AHE (A, phloem)7t H7 (B3, xylem)o] &l 91|
sl EH Y532 (bicollateral bundle)o- & #H2=9T} (Fig.
5A, C). T3, & =HollA] g2 (palisade parenchyma
tissue), WSl 3|HZ2A (spongy parenchyma tissue)®|
25k vl (dorsiventral)®] J572E SRI=EUT (Fig. 5B, D).

AA o] (200 pm) B YA H Jg= SHsE
oA 138570, =FhstEl]olx 200712 Yeht =%sks
ElgoA Hert f B8 Aoz IRIFGen, FAKeRE &
23k 2po]2 Btk (P < 0.001; Table 2).

shH gavlet shye] o WAL shsEkeddA bzt
709.57 (m*2}369.01 (v, =FsFsER]CllA Zk2} 258.98 (m*9}
186.58 ym’=2 e 7 EF< B AFET] o] WAl sl
THo Hglen, sksEeEe] 139 WAo] w=wshsEe Rt
o5l 2 Aoz RIS (P < 0.001; Table 2).

gl sk S st A9, T R 2ol F

o=
3, FAE, 35845 (vascular cambium), HAREZ (ray
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tissue), 183l 27] HH-9} 27] AN BEAEAY (Fig. 6A,

D). F /8] 7123Q1 e 2= FARRRIOW, Al

o] "rox zto]7h LhERstTh,

9 A () T FAES] H Nee shEER A

52330, =&sksEtlolM 37.0=, skaekeleld frelshl o

=2 WUrg SRlEn} (P < 0.001; Table 2; Fig. 6B, E).
g FAE W AFERANE 2po]7t ERIEJT shte]

hya

FrAlEZo| E3hE HEY (starch granule)?] H Mo sk

El] el A 21.67H, rEEl=ER A 1047012 Vet P <
0.001; Table 2; Fig. 6C, F).

i

]

& BRas 9% shsesh shseel
R L EICE S CEE I ERCERY
L ael3 st el ners YA P
Yol e T BRwe) Aolg B,

R4



StsERle} waichsERIe] S X ofEi ulm

o) gHsty 2 AET 4, shetiele 9o 47 SERle I dBw AR or Exshks ekt
FHE 7Ee s mskstielst Bes] FEHNT F 27 ol HIs) A4 @A mE % #9 FZ Ho] Fol ¢ &
o BF e dHE 4&4%2‘/}, M) g A7l Ae® odEn AR T S 23 Aol Ashke
skt Yol Ui 3ddE A deAes e, 5 F BERe ele o JJH mAlge sty FAlN FElE
seHlE -4 E 15’-7“ A AeAE 58S Bk o] xol7f AEEA] otk aey &5 g B old) A9
A% ke 7129 A At dAs, g A2 vis AR Edele] Avs ST A9, o 29 mAEER
7] ol F EHTE AET e 83 dERE AT A A o] IS B BEe] 498 ¢ S A
H} (Kim, 2020; Park et al., 2021). 2 JetEn

e A, 7 B BF ‘%‘—Zrﬁé e dFdos ue A Sgfol= 29iES o83 o ety g v
H FES Uehilen, skstlele] Hel MRt 7= Y A, fa5xE, 292 3 9524 5 7o 23] wd
Fe| & R\ET)e] #RHEAT. B3 FHE AAs] e Fol EAEY 2 Avelde L & oA &
Rl FF2A U HHE 7 Follw R EHo] HI AIRES &8st P "ot &34 el 73S

Holgiglek. olefdt Ak AR, FAANFAFR, /4L Aasksad ek 1 A%, 29 e 39
FTH 5 oMol T8 o3 F) QoA 3 Ao BAAE) WA A el T e
Ao ANE 9% Aol U7 AATTY HKOMS 1+ 513 Aol YET. ol Avke 9 BaAEe)
Office, 2011; Chinese Pharmacopoeia Commission, 2020; 719} mA o] F7F Folsk HolE HolW, 7|F FF U AXE
National Institute of Food and Drug Safety Evaluation, 2022; Heo} 3 = FLELS 93 G831 sjFekd] X u® E8F ¢
Ministry of Food and Drug Safety, 2024). Wb 2 A Ath= 7€ Aol dX|3ith (Zhang e al, 2013; Sanusi
oAM= sk=tlele Ye] R J&Fo| EAlskes v, =3 et al., 2023; Batool et al, 2024; Liu et al., 2025). 53]
shselelols vBe] Uehix st Adde] AIENT. A FAe skl He) FriHow el ol ¥R
U AI7I9F Y 3 2 R gkt AlEE F &4 7}x7F & Zo® BuEo] Ut} (Zhang er al., 2013).
3 o] IS IRl A wA B A JiAl R AR A U A R 7 ol Aol

wolo] tig 9 o4 weld Wart vk wep B o
2] opy AN EFE F746 BAo] B
olg B3l AT ¥
oF shr.
FAAE
A lpugle) s

o)

e el o
e U el 3
o] M4 87
B0 A4

st

=

d

1 T
=23

Evert, 20()6) 13]—’;
o2 ojHr|Ey
(hypostomatic)®] 2 FEO]AL} (glabrous)
Uﬁo] AHAY (sparsely pubescent)OPZ AL HAo) whH A
F 31700 AM2sle A E (xerophyteyS THAIZ 7]
o Ueh)a, 2ue A w24 JHE R, 2

U7t 2 Zo=2 d#A Ut (Mott er al., 1982;
Gifford and Foster, 1989) 2 AolA sleERIet =338k
Elgle ol B9E #EAst A, T ERT BT gl
WA 3P eI S HEl UeRfol, ot
+ 2 1z o g 48 ¥ off AYe Aoz
I ststEe 3=, 48, 5 Lo 2R K-
H %, HEH, 35 5 SURG7HA ‘jﬂ Foh= JoR
g2 At} (Plants of the World Online, 2026). wWehA 3}

rsL' B O Ry ruN'
o e e Ty

!} o o N F

ﬁm&r
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PR IRIFNOH, ol AREFE TS
(Viburnum L)yS o2 3t A= A B vl
ATk Borsuk et al., 2024). 23} APgE dxo] F7F 2}
ol FxA ®Wolg Rigshs Fad FEQI sAl 715H
g dsA & %"ﬂ‘ﬂ QoM M7 gE Fx7} FAR

FI AR FEE F ol o2 dEA Utk uEhA
AT FEe 5l £F 71Ee® ARET|ETRE thE &
1?—5}341 2 gejety Fdat Il sidE Zart Ao (Borsuk

t al., 2024). V1= FF FEANN veht= A 7154 &
?_19] IS AT = glot, B delx gld T &
H3A AT R 1+ FElE Aols Bt ot &
T B} o iAIE 29 A S mAR e Y E

% (Micro Computed Tomography, Micro-CT)2} 72 3%

TE BN MS 287 FUF A7E B, olefd F2o|
o R 5 Qe AW FARAY FEAL 2eAd o
& 27142 PZe] Wasih

WA 7 RR2el Relo] hit =AY vl AT
wE W gl APl fAEe S Aesh AX

G ARY FHYo] BE 5L WP SEHE mgst
sEHISH PEE S-S SRt B3 BRE AIEE F
UA719F T AHelM FHG FY AF| AR TS
ZA, AS T4 2 EY ZAo uE HolE gHFor &
Astgom, ool weh s Fdol FelF 1 X BE



73 _3 ]oﬂ 2 A2 waa d4s)t
o], ¥4 F WolMxE w2 Wols Yeple
(Ju et al., 2019; Heo et al., 2023).
FoH §9402 ur} welsl Blel
o A% 243 A 2 FHE
SHA, EookJ H S Eof AEdh] HF Az
of ol we} ¥ale] ASHt tbdF (polysaccharides), Tl
A (proteins; trlchosanthm) ol 2k Sleel BHud
v} At} (Jiang er al, 2018). Wb F EF 7+ zjojdEnt
oflel, =% AEAle] 27 A el B 2ke) A
AT ) 2 AAR) T4 A7} 2pE, B P
P Fo ok el 34 B9RA, oleie A Aol
= 7]__79 ul A].(ﬁ;q 7}7<]9]. xTszJ_E SR A=) o]oﬂ Lq_a]_
2)9] &Ajo] BAEE 3dA o)At JAIE e
stofetel,  wF 7 ueh g v
a7t Ao
U Q¥ 2 (multi-omics)
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