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ABSTRACT

Background: Pueraria lobata (Willd.) Ohwi is traditionally recognized as the botanical source of
the herbal medicine Puerariae Flos. However, adulteration in commercial markets necessitates reli-
able diagnostic criteria. This study presents the first comparative investigations of the petal epider-
mal micromorphology of wild P. lobata and commercial Puerariae Flos using scanning electron
microscopy.

Methods and Results: Fresh petals and commercial samples were prepared using standard fixa-
tion, dehydration, critical point drying, and platinum coating. Epidermal characteristics of standard,
wing, and keel petals were examined on both surfaces. Both P. lobata and Puerariae Flos samples
exhibited papillose cells on the standard and wing petals, as well as tabular cells on the keel petals, con-
sistent with patterns in Fabaceae. However, distinct differences were observed in papillose cell types. P
lobata predominantly showed papillose conical cells, whereas commercial samples displayed papillose
knobby cells. In addition, a transition from papillose conical cells to tabular rugose cells along the wing
petal was observed in P. lobata. This transition was absent in commercial samples.

Conclusions: These findings suggest that some commercial Puerariae Flos may originate from
taxa other than P. lobata and provide useful candidate diagnostic features for identification and
quality control. Nevertheless, further studies with broader sampling are necessary to confirm their
consistency and taxonomic significance.

Key Words: Authentication, Micromorphology, Papillose Cells, Petal Surface, Puerariac Flos,
Pueraria lobata, Scanning Electron Microscopy

19| o} (Cercidoideae Legume Phylogeny Working Group, ©]3}F

LPWG)SH AR Rolst7h 3he AAZ ok, Tolal,
Detarioideae Burmeist., Dialioideae LPWG, Duparquetioideae
LPWGS] 6719 o}z <Qlstar 9lew (LPWG, 2017), ©l
Aol whElZIURol 14 1%, Aol 5% 7

=
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(Polhill and Raven, 1981; Lewis ef al, 2005; Eggli and = Folal 424 [14%F0] BEIFFE= oz B Qth

Clark, 2023). #tA F=ollxs 54 ERAAC] ukeh 2A
Lol (Caesalpinioideae DC.), AF U0} (= v Ao}
3}, Mimosoideae DC.), ¥} (Papilionoideac DC.) 5 A7l
o] o}m= AABIAUTH (Choi, 2018). AT FHZol&= EAHA
B daE 7Rk R g T ASERAAR vk 7 v

(Choi, 2024).

Folk Wi (Pueraria DC.)2 20—35 EF+2 X33}
H, S&olAlol A S FHoZ EEITH (Choi, 2024
POWO, 2026). 53], T=olle 105 2HFo] HiEo] e
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2023), =3 dEol= & [Pueraria lobata (Willd.) Ohwi]
g ERwite] E¥ehe A0E 4] Aok (Wu and Thulin,

2010; Choi, 2018; Choi, 2024).

Z2 Willdenow (1802)°1 <13l %12 Dolichos lobatus Willd.
Z 71A% o]%, Ohwi (1947) 23l Pueraria lobata (Willd.)
Ohwiz Ax=eE o] sopr|o} o] Fa A A+ B ¢
oFsl F3olA] de] AMEEo] gtk 221} van der Maesen
(1985)9] & 9] BR3H AR FF 2 T/ 8t
vl F B3| (Pueraria montana complex)@ A7 2] %10
™, o] Sanjappa (1992) 2J3] P montana (Lour.) Merr.
var. lobata (Willd.) Maesen & S.M.Almeida ex Sanjappa &
Predeep 3t O2 frastA SH=Uh A T8 =A| Ho]
Huo]oMe ol Ao A P lobata (Willd.)
Ohwig ©|Ho=E Xg|slaL Ut} (IPNI, 2026; POWO, 2026).

T3 2 ExMAIES A7olX T 2ol P montana oA
d#E ATe FAse AR YeRY (Zhou et al, 2023;
Hai et al, 2024), 2S SHE & P lobata® AA3HA
EFAAES P montana®] & W WolZ X sl= &

w;ri“# ANE ARG Uk Z2Euh B AgelM e ol g
WA B weks T3S, P montana U] HO)Z 0]
dete =A14 25 ANEHAE, A FotAlol 1l ¢
s o gtk bt ARl SAE s Al A
248 wgd3sle] P lobata (Willd.) Ohwi®] Shg-S ARg-a1ar

Ao Folrlo} Aol ABHOR U] olgslo] & TE

=
FHOR TRFE o)

ARl k8AER, 53] Heo} £&

o] Husloigit) g, Fo] £eo8] Fe v 7] A%
Sk Az 22 disRIgekdel ek htAdel A3t (Hit,
Aok Puerariae Flos)®| 7]94&= FA1=o] AT (Ministry
of Food and Drug Safety, 2024). Z3}= sIl€ 2 A &
o] Jlom, F2 F5 i &EEE o2 dHA A
(Park et al, 2006). =3+ HZ AFoHE & FEE0 IF

H o] AZTE (isoflavone) E EZHIEH ol= ALXY
(triterpenoid saponin)o] 7+ €/d<] Tt 2o 35 JepH
(He et al,, 2022), 3 2 F3577F A28 D= 7R 7]
ofg 4= glgo] BAE ATh (Wang er al., 2022).
2 SdielMe Rl Y o Aol THERskERA,
el 5 B2, FAF Y] 8% AT F
28 7Fs7d & ok A7 A7 AL
Tk o] Fhdel= e, A, WA 2 A3
2 545 ol &3 o] 71EARl WReR
(Zhao et al., 2011; van der Valk et al, 2017).
Fol} 93 Felr} fARE ES fekow B
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o] deXo] Z7IslaL Atk (Parveen et al, 2016; Wang et
al,, 2023).

FAPAAE R 7 (scanning electron microscope, SEM)S- &
&5 vAIFE e FHe FAsES] vkt R AlES
ol ol 8% AdFgd=z &8Fo gl (Wilkinson,
1979; Barthlott, 1984). ZjollME Folzt 212<] 317 (petal)
7 SHE (pollen)yS tido = FAPAARARA #H2S B3l v
AlFelers JdE 71Ask MRS ANTOEA EFEHE
845 YFT A0l FHEA oH, ofigh HEe
(tribe), & (genus), & (species) T2 ThFs &7/ Al
25 At} (Ojeda er al, 2009; Aswini et al., 2024).
3] AglzS: (Lathyrus L) E sk 13 v)M|Fe)ehy
Aol /A F8&A4dol BiE uvk Utk (Cildir er al,

of Jm xRN

2012). T} A4 THF AY FHIAME ol S

AlgE sHe Aot AhA s B AAolnt B3 o
oMel H3t dilE fEEe oA dEe e tidem

MAFH S HE RS A AT ol nyd v gl

oh A2 Bo] 53] A, dH 719F NES 45 M
7re] VA EEe] f-840] olvl thpd FBeI A E

vl 9oy (Lee ef al, 2025; Ji et al, 2026; Lee ef al, 2026),

A wFe] vAFE i A1E e 98 38 A o
A s Aoz Basg.

eh] 2 e A9s A%
A ARy sk B3] uARE e

o=a=

AR N2y ok s} (<
AAE) 71ASaL, Blasle,

s} ofA 7ol 183 FES At T FE9 A
Fejehd A g Adslke] 7|9E AS AFE A% 7I2As
£ Alsstazt sisint
Rz %
1. A2 M=
Ma) slke xalet 28 AFsIgen, ool 2sk= 3
=Isto| skl el Sk A28 (KIOM, herbarium acronym)

o] 274% MRS AREITh ARE Fe 70% s 8
o ol APELOR AFelgln, ARE APELO A%
Sith AR AlE 9 B8 FRe o 2tk F [Pueraria
lobata: Korea, Jeollabuk-do, Gunsan-si, 14. Aug. 2024. Ji, 338.
Korea, Gyeonggi-do, Gimpo-si, 17. Jul. 2025. Lee, 848. Korea,
Jeollanam-do, Yeosu-si, 9. Sep. 2025. Ji 991 (CBU, herbarium
acronym); 423} (Puerariae Flos): China, Sichuan, 20. May
2010. 2100036 (KIOM)].

2. 9% U OMIAENSX
Zo] AejAlE 2R A 2 EA 2] $4S B, T
Ag7h2}t (digital camera, TG-6, Olympus, Japan)Z 23
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Fig. 1. Photographs of P lobata in natural populations. A; Plant habit, B-C; Inflorescence, D; Floral morphology, a; calyx, b; standard

petal, ¢; wing petals, d; keel petals, e; stamen, f; pistil.

std F9 NP AL AASAeH (Fig 1), F7F
Aoz AAFE O] =& siste] AT (stereo micro-
scope, S9D, Leica, Wetzlar, Germany)2.2 323}t i3t
o] mAlgelets JA-s AFalr] sl oklold AR AHH
g AEE 70% olleksel A ste] ARgsilon, HxE oF
Ae oF 90CoA 3387+ 23U T ASHA| (wetting agent,
Agepon : distilled water=1:200) (Agfa Gevaert, Leverkusen,
Germany)°ll 291, 30CollA 24417+ 5781 F 70% ofg-go
Basith AR #ES S8 AlREe oEE A=
(50%, 70%, 90%, 95%, 100%olA1 zF 1A 7hS F3 g3t
% JAH 727] (critical point dryer, SPI-13200J-AB, SPI
Supplies, West Chester, PA, USA)E ©]8-3}c] ¢bds| 7Azs}
Aot Axd ANE= €Fv¥ 2HXE (aluminium stub,
01501-BA, SPI Supplies, West Chester, PA, USA)l 7}2E]
O] (carbon tape, RS-MN-15-000412, SPI Supplies, West
Chester, PA, USA)Z F23}3L, o|2 7] (ion sputter
coater, QI150T ES Plus, Quorum Technologies Ltd., Laughton,
UK)Z o]&-3le] Wi (platinum, PO & 4037} o] 2523130t}

Z2 2 71A= Ojeda et al. (2009)S =3l 3pES 7]
¥ (standard), & (wings), E=F (keels)O 2 -3}, 7t

4
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SS9 (outer = abaxial side)? WW (inner = adaxial
side) o &2 o] ST 3 9] (proximal), 9]
(distal), = (axisyS we}l 71AF (base), T4 (middle), A
T (apical)Z, TUHF (medial)olAE =W (lateral) =of u}
2t Y (centen)®} 7FEAIE] (margin)E TEIIATEH EE AR
£ FAPHAA#E 07 (scanning electron microscope, EM30+,
COXEM, Daejeon, Koreays ©|-&3sto] 7I:21%; 5 kv, 25
A8l 5.0—7.0 mmol|A] FHASIAOH, 1,000—5,0008] &=

st
2
1. 2| FHels A
e WA EZE (climbers, vine)ol 1, A& 35 EY
(rifoliolate)e]™, A2 AepA|A] FAY, 3= 2=
Aoz FALATH (Fig. 1A). M4 (inflorescences)= F7

(raceme)2 2 MAY (axillary)slal, 31= (rachis)ollA = &€
ult] (nodes)’t FZE W, X (bracts)= AFOE ZEA
(caducous)°] 22, 7HS} - whE2A| Yetele o= IR1FT
(Fig. 1A-C). ¢} (calyx)> &% (campanulate)>Z WA H o2
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g gol 2SI eH, @8 (lobesy 7oL}, e F
gHo] F3 (connate)F|o] NZE Hol MY FHL AR

=

dol B Aojzk oF F wj 71 Zew SIHT} (Fig.
1Da). 31 (petalsy> A2 o2 A2= 0, 713 (standard)
& 7l FEE E717F EAlskAL, S Felle 24 7
7} HFE Aok o (wingsye =TF (obovate) WA FEHI
@ (oblong)o.z HFHIOH, &0 (keels)> FEHIT
(oblong)e = AZHRAL, izt G| Aol FARE A
o2 FIHAT} (Fig. 1Db-d). 742 ¥Al6-< (diadelphous

pu

T
stamen, 9+1)°]™, <F (anthersy> 53 (isomorphic)>-2 2
HJ3L (Fig. 1De), Y& 7o, 2P A8 (linear) > =
A=t (Fig. 1Df).

2. 79| OIMIZEN

sk #IAE FEle ol vl 7 fEeE et
. A 57 AIEE (PCS, Papillose conical cells with
striations, Fig. 2A), 4§74 2% (PKR, Papillose knobby
cells with a rugose sculpture, Fig. 2B), &3 A Xd
(TRS, Tabular rugose cells with longitudinal striations, Fig.
20), =574 HAd Axd (TFS, Tabular flat cells with
longitudinal striations, Fig. 2D) (Table 1; Fig. 2).

A 2ste] 7)1 9HS vwst A, o] Aekrel o
HolM 938 54 AlZ (PCSyF BRI CH (Fig. 3A,
E), 7|ARlME FE3d A (TRSy7F E1EAT} (Fig.
30). ¥, Z8le] Auiilel YR S f54 AlE (PKR)
7} YRS ™ (Fig. 3C, G), 71AFolx
(TRSy7F A&= YTt (Fig. 3K). F3F £5He F=
AN Fo& (curved)oE UENG, FEZ ¥
(striate)°] ¥-&2 0% 1=t

oM Zo] Auiel Sl U458 F5F4 A=E

S I

g
rlo
Ho

(PCSy7} BRIEQAL (Fig. 3B, F), 71ARME F294 A
F (TRSy’F #2=90nt (Fig. 3)). W Aol = Addyet

TN B T AIE (PKRY7F UEEe ™ (Fig. 3D,
H), 714N = 574 H3d AE (TFSyH BRI=EATH (Fig.
3L). F=He HolA Awdor Fogow Jehty, 23}
oM Metiel FdRA F2Fo] AU, 7IAF
ox= FEIZ of8l Qe 759 o] WEs] RlEA] Ut
FEIE EH2 2 dA gske] Mukt 2 FGRA 4
o] RIS, Asle] 7[AFeM = 2dF o] 1= AT

olmo] DNISEN
A3t Asiel o ow AZFe)E vas

3.

A3k, HellXe

Fig. 2. SEM micrographs of the cell types observed in P lobata and Puerariae Flos. A; PCS, papillose conical cells with striations, B;
PKR, papillose knobby cells with a rugose sculpture, C; TRS, tabular rugose cells with longitudinal striations, D; TFS, tabular flat
cells with striations, A, C; P lobata, B, D; Puerariae Flos.
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Table 1. Micromorphological characteristics of petals in R lobata and Puerariae Flos.

P lobata Puerariae Flos
CH" AW? cs® CH AW CS
<Outer>
Standard PCS, TRS Cu St PKR, TRS Cu St
Wing PCS, TRS Cu St, Fl PKR Cu St
Keel TRS Cu St TRS Cu St
<Inner>
Standard PCS, TRS Cu St PKR, TFS Cu St, Fl
Wing PCS Cu St PKR Cu St
Keel TFS, TRS Cu St, Fl TRS Cu, Si St, Fl

'CH; cell shape, representing papillose conical cells with striations (PCS), tabular rugose cells with longitudinal striations (TRS), papillose knobby
cells with a rugose sculpture (PKR) and tabular flat cells with longitudinal striations (TFS). ?AW; anticlinal wall, representing curved (Cu) and
sinuous (Si). YCS; cuticle sculpturing, representing striate (St) and flat (FI).

Fig. 3. SEM micrographs of the central region of the standard petal surface in P lobata and Puerariae Flos. A, C, E, G, |, K; Outer
surface, B, D, F, H, J, L; Inner surface, A-D; Apical region, E-H; Middle region, I-L; Base region, A-B, E-F, I-); R lobata, C-D, G-H,
K-L; Puerariae Flos.

Aekte}l FYRA 453 574 AE (PCSy7H HEE
o (Fig. 4A, E), 714X F234 AE (TRSy} &
A=A (Fig. 41). ¥ Zdsjolr= A F9o0x =4 7%
AZ (PKRY7} #ZHAT (Fig. 4C, G K). F2HS F A
g EFA Fegdoz ettt FEF

4D, H, L), 559 AR B gegow Ueo
B, FEIZ FROME FEA0R SHFe] o] Liehsir,

4. S=T2| DM

99 A, He
Adebiel FdrellM fAdde] o] AN, 7R
Me AR Aol BEENCH, Asloxs Arkz o
FAF] FAT FRAFEALE o YA M= 2o A I
oM A3 54 AIE (PCSyt FEHEUL (Fig. 4B, F,
), Aslelrs 34 57 AlZE (PKRy7E ERI=EUTH (Fig.
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3 Zsle) 4= o AE FElE Bwd A3, FolAM
= el Fdelx FEIE AIE (TRSyH 2=
(Fig. 5A, B), 714X = Al A7 B glsie] A2
T FEIFo] FElaH ERI=A Lodth (Fig. SD).
dslo= TS A (TRSYF La=A RI=
(Fig. 5C, G K). 782 F A& BFoA 32302

LR
wh
o}
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Fig. 4. SEM micrographs of the central region of the wing petal surface in P lobata and Puerariae Flos. A, C, E, G, |, K; Outer
surface, B, D, F, H, J, L; Inner surface, A-D; Apical region, E-H; Middle region, I-L; Base region, A-B, E-F, I-J; P lobata, C-D, G-H,
K-L; Puerariae Flos.

Fig. 5. SEM micrographs of the central region of the keel petal surface in P lobata and Puerariae Flos. A, C, E, G, |, K; Outer surface,
B, D, F H, J, L; Inner surface, A-D; Apical region, E-H; Middle region, I-L; Base region, A-B, E-F, |-J; R lobata, C-D, G-H, K-L;
Puerariae Flos.

x

UeRdt), FEIZ BHE el Auel FURelN fAF0 o, Ho it AuRelN FYRE 25 f4e] Wwst 3
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L

e e gkt AARAME Fe) A% FEE E
wol Helslx] 2k, Aol A WEvk ois vl B
293c}.

WA= F& Adukiel] S5 Had AlE (TFS), 5%
Fola FEd AlE (TRSyF #E=Y o (Fig. 5B, F),
71A T M= AE ZF AAE BEREete] AE e, 559
I FEFO] gRlo] ofHYTh (Fig. 5J). ¥ Zslolx= W
A A godola FEIA AE (TRSYF Ya=A S2E ek

X

(Fig. 5D, H, L). 592 Fo] Auiel F¢dMs w2
Fog AFEom, A3} AA] Aehiel FgroMe

S Yeplou 7A-FM s 3 (sinuous)eZ2 FHEEHA
o}, FEIE 1] A9, Fe] Auiel FYFoME AAY
3 Aol A ERIENAL, Zele Auiel TR £
Age] fAo] A oH, 7[HFAME A 4o
A=

i

2

o]

R

o)

Aol = A A A frs oA AlEY 23k
oM BIME, 29 B FEE] rAFE e
s AN S o&ste] AAS] Z1A sk, vl %
B33}
she] mAMREe e 4 A, 23 dske] 7)at o
REM 554 AE (papillose cellsy’F ZHEE (Y. F54
AEe 23 73 wiiAL k] dsakgol] Fa3 9ES s
E 7%= 484 Att (Kay et al, 1981; Christensen and
Hansen, 1998). 53] W3} 722 & w7z {574 AlZ7}
sl 28 Mssh= 7gke] Jdom, ol 74 Al=2rt 3t

=
=
o~

[o
2 NE

N
=

K
e

B Ee) RARE F7PIA QPR A e ARFO
24 ¥o] BF A oUX] ARE FolF] HEOZ S

t} (Whitney et al, 2009; Alcorn et al, 2012). %3+ #F
AlEe Ye ARAR JSATe A=st 22 Ves
Psjo] 2o A2 TS AP FPsPl BEo] S up
Ae fQlshe A7 Ase gtz wasd it
(Noda et al, 1994; Gorton and Vogelmann, 1996; Glover
and Martin, 1998; Comba et al., 2000).

I3} ABME ANHoE F1 AL AXshe 9%
o sshs 719w olgiol] i AL, Ao 21X
g Ado] vre Sadol= I A3 (tabular cells)7} #2323}
= ASE HIEo o™ (Ojeda et al, 2009; Ojeda et
al, 2012), ol @ AE §3| 27 BT HHe F % of
F EoA wad dvd 9 P42 289 5 Ay
(Cildir er al., 2012). ¥ AFolM = H2 Zsle] HIME 3

e, Zlast Qgere §5 AL gEEeie By

>

A} BAEo] 7% AT ARE AXFU).

R
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N7 AEF oA AlZOA EIAE] FElE AnEoR
FrAFIA oW, 77 A Felolld A& ZF Zfe]7t =91
Hodth 71 2 A e shE2AF oAle] 1 vlAE
Bl (Doh et al, 2015; Ramzan et al., 2019; Kim et al,
2020; Bahadur et al., 2022), & 33| vM YF-FE (Song et
al., 2020; Stoyanov et al., 2025), 2] WHEIE) (Ji e al,
2026) & ThEFSE 7o) o FmAYE Pde XEE

¥ (adulterantys ¥PHsh= -85 AE2 &85

732 5407 wizel g 2l
7] WFoz S|4} (Ojeda e al, 2009). Wk 2
TolA gRlE 7 Al FEje] Apole MY Aok oA
A& 7ol EAshe nAIFEeH] WolE Rtgshe Ao= s
A g 3ok ol2lgh Wole i mizfiRkete] A3 Ak, 7
27, A% G, B B/ Aol 5
g 7ksde] Jo, A4l ARe® I A9ls |
Sl olfith. Ha) B 7ol ASE oM AR TR
2, 3 (P lobata) 3+ FRto] EXdte =3 2] Folle

F 1059] F% 29Tl Bxske Aoz dHA o] (Wu
and Thulin, 2010), 313 A|87} & o]9le] B& oA 7Fs

A wiAE = glok 2y JA7EA] 2 A=A 7
A FEje} = viziA 7He] ez g-S AR et
AtE BHarE vt glom, Al 4 BEgh AlghHo]7] wiit
HEE FEA Zolrt gdA aRlolyt A WAl mE W
oIR1%], B2 FZF wRFHA Alolo] 7IQIg ARJMAE B
o= gAI7F Aot wEbA] olef st mMFE R xlolo] 719S
B3] ] M B vkt B AEE X3
shar, AR A A 991S FHHoR yHg 5 At
g st}

@ s ol T 7E] ool =8 33 fo] e
Ao AR AoE EFold BawE vk vt (Baagoe,
1977; Barthlott and Ehler, 1977; Hansen, 1991; Christensen
and Hansen, 1998). £3] Fo}3} (Faboideae Rudd)®] U4
ol shte] st B AR Fglo] HEE F
7 #3] fr¥o]l FAlel UERtH, o]F Alojell= Holty
(transition zone)2h= £7F el AlE Jo] &A= AL
2 BIEYct (Ojeda er al, 2009). B AFIE A7 A
9] o3t QoA MtFoA] 7]AR Wgo g s
@ AEY (PCS)el FE AlIEY (TRS) = A3
Ao Wslsl= o] HRESOH, o] oA
= Aetiol] sidsl= T4+ Al
4E). ¥hd

2%

Zopso]

E Fo] AT (Fig.
o ABoldE B F7E AEF (PKR)RH]
Aol eRlEA] it ol#dh 724 zlel=

L
i,

B,



i

AE 7 rA e sHy Hols Wik Zloz diMdE 4 9
O}, 21 ARlo] /A Aol 7|Qle=A] o= AR &
EYo 2= Bes] wdsly] offHtth mEtA olg FHe] &
X I 2 719E olsliEb] flsiMe B ohdet Bt
I} FEgh Al B2 ¥313 27180 A= A7) Basi)
she] vAEEe Y skt yelM= 29-d95F 5
e} 23t X*‘: | Zfol7}t A= AoR A Stk Ao
2 shie] 7IARE w3t 2 | AER AR F AR

Al Fel7E FsleAl UehA e v, Aol S
M= B3t hEE AlErt #EEY F Sl FHVE B
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