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ABSTRACT

Background: Robinia pseudoacacia L. and its herbal product, Robiniae Flos, are traditionally
used in Korea. However, commercially processed floral materials often exhibit similar morpholog-
ical characteristics despite originating from different botanical sources. This study aimed to estab-
lish reliable authentication criteria by comparing the micromorphologies of fresh R. pseudoacacia
flowers and Robiniae Flos.

Methods and Results: Floral structures (petals, sepals, and pollen) were examined using stereo,
light, and field-emission scanning electron microscopy. Petal epidermal features, including papil-
lose and tabular flat cells and densely pubescent sepals, were identified. The pollen grains were
monads and tricolporate with psilate—perforate ornamentation. No significant micromorphological
differences were observed between the fresh and herbal samples. However, the pollen of the poten-
tially confusable species, Styphnolobium japonicum, was significantly smaller, enabling clear dis-
crimination between R. pseudoacacia and Robiniae Flos.

Conclusions: Fresh and commercial samples of R. pseudoacacia exhibited highly similar micro-
morphological traits. However, pollen samples from S. japonicum were distinct, providing a basis
for discrimination. These findings provide reliable micromorphological criteria for distinguishing
Robiniae Flos from other herbal products of morphologically similar species.

Key Words: Authentication, Field Emission Scanning Electron Microscope, Pollen, Robinia pseu-
doacacia L., Robiniae Flos.

A AVFE (Albizia Durazz.), SOVl &35 7325 (Gheyrrhiza
%%’*é.\— (Phaseolus L.), MRS (Medicago L.), 24+
T (Glycine Willd. ),

TOoZ A UTE AEZCE, A AlAl gl Fxsit}
(Polhill and Raven, 1981; Lewis ef al., 2005; Xu and Deng,
2017). shteell= F2 FFe] ERAlAlel wt Bre7[urot
3} (Cercidoideae Legume Phylogeny Working Group), 2]
UFo}3}  (Caesalpinioideae DC.), F°}3} (Papilionoideae
DC)E % 371 o}3} (subfamily)dll &3h= 48% 122%0] &
X3t} (Choi, 2024).
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2 Z0=2 BHIHI vt (Hanover, 1992; Han ef dl,
2009; Zhu and Turland, 2010).

SHH, o7bA U] AxE 22 ATH o= A (fikifE,
AP Robiniae Flos)= AM-E|o] ghom, ZAdwFFolRInly
sh= o Algdells 2 7194=E FAE0] AT (Pharma-
copoeia Commission of the Democratic People’s Republic
of Korea, 2018). 53] A[H3h= HEH OS2 o]k (diuretic), 7!
73A| (spasmolytic) B & EH] F3 (cholagogic agents)
28-S 7 oz dHA, A1 (kidneys) B HE (biliary
ducts)?] 9% €3} (relieve inflammation)ol] AF&-Eo] St}
(Pietta et al., 1998; Strzelecka and Kowalski, 2000). Z
ATl = oA Sl T E2hieo|= (flavonoid)
AL shgHEo]l $HrE] Asel BHAEJACH (Veitch er al,
2010), ¥ (tannin) 2 =4 $}3E (phenolic compounds)
o] FH3te] =3 4k} (antioxidant) A4S UeRE A
o2 It} (Stankov et al., 2018; Bratu et al., 2021).
W3 8331 (anticoagulant), a-glucosidase A3IE 233 TF
oFsl AElgA (Han et al, 2022)3 $7 mAE2] Q&9
d4 <A (antibiofilm) ¥ +7A] A3 (anti-quorum sensing)
S-S U] mAE A Aot ST 2d SHlA
ok2) % g 7FsAdo] AAEATt (Uzelac er al., 2023).

A sl= #2o] o] kst T A& £ (adulteration)
= 7FsAe] o, ol tigh Fejets 7hH rE 9 mAl
Fe) 7HE A3e AdUdeR FE3 Aot AAE T3
e T BE F&ste ToE IST [Shphnolobium
Jjaponicum (L.) Schott = Sophora japonica L.]9] 291 33}
ME, BFd: Sophorae Flosy= -5 #golA] A slel &<
Ho] EAshe ARzl BaE vh AT} (Wei er al., 2019). 5
RS sk A7 gl FEjelde AlolE Holu, £
el 7} f-AFsle] (Korea National Arboretum, 2016; Choi,
2024), &%} 7Fs7do] =2 oz A
T} AEETE o), o) dEjelMs FEFOE &
ARgE 21 R 7 £ 2 diA /% ARE Rk @
Astar glom, oFA¢] 739 &l wg- fAtete] B
gk 719 A& ¥ho] ofe]R Zle® By HT} (Han ef dl.,
2011; Lu et al, 2017; Zhang et al., 2019). °]23t &Y
okAle] FA Ast E A EARE olofd F o
(Choudhary, 2021), @eieHs] 7|5zol] 71wkek 7PE |39 g
o] a7HT} 53] ol 54 AlaL ot 4 AEE
A3l okt 7S 28k oo Ags Y 7|EE T
Aol Fado] U ZZE 3L v} (World Health Organization,
2011; Newmaster et al., 2013; Chen et al, 2014; Zhu et dl.,
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x2 g5 gt} (Cildir er al, 2012). £3] 3o (Y,
petals)Z} oFH  (ZH, sepals)e] ¥ IA|E (epidermal cells)
T3, B8 (trichome), 718 B3FA FF (stomatal complex),
213 3R A (pollen grains) FENS} 7-S M e ek
P T FHA ZolE Rigshe 8 5o Rudrh
(Grohar et al., 2021). ©|8& FHE2 Thget T3 el
5 et A, npo] 2vlA (biomarker)Z

% 54 2 2RE d

g 4 l2o] JSEAY (Kahraman er al., 2014; Liao
et al, 2022; Khan et al, 2025). 3, 3}7he- ¥olek 3ly)e]

ul ety Ao HAx oA AlBoHxE 232 A3 (tissue
softening) 2 YA ZAZ (critical point drying) 2] 34
< 3l AR A TheEte, A oA PES g &
g3 g7 FEH Q) (Serrano ef al,, 2010; Konarska er
al., 2023; Obika and Obika, 2023; Lee et al, 2025).

wepa] B Apoae AAAr]A (Stereomicroscope, SM),
Fstd )7 (Light microscopy, LM) % FAIAAE A
(Scanning electron microscopy, SEM)S- ©|-83}], o}7pA|LE-
3 A3} f5 oS rMFEEE B4 g BES
3L, olE S Mo =N Heet 1 7ES AXE
37; sink. BEgE o] o FEj7E Akt &Y 7hsAd el
UE Fshele] kst £5 715S g3 S,
FejellF = &1 7Fssk shEe] mAIRE e Hla A4S
R

7
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1. A2 Mg

7N L4 2025 59 E7)ol] 2HEL P2
oA Ao, dug dd A 70% ez 34
sto] ARFEOR A|Felal, dFe APFEOE A2t
R3A3I ) [Robinia pseudoacacia; Korea, Chungcheongbuk-
do, Cheongju-si, 7. May. 2025. Lee 612 (CBU, herbarium
acronym)]. 2FA] Ash= Hu] 221 SR Aol 7Y
gt AZAEE HEPl AME-SHATH [Robiniae Flos; Korea,

Lo
=T

= =
Chungcheongbuk-do, Chungju-si, 2025. 544 (CBU)]. gt
et mig 98 sy AgErosrE s /@
S AF sk AR [Syphnolobium japonicum; Korea,
Chungcheongbuk-do, Cheongju-si, 12. Jul. 2024. JI 256 (CBU)].
2. 9IS eI

OIS AJste] AejrlS tiAE 72} (digital camera;
Samsung WB100, Samsung Electronics, Suwon, Korea)S ©]
g3t FYsigTh AR 2 9 Fehe AAH
(SM; S9D, Leica, Wetzlar, Germany)S ©]&3fe] #a3s}aL
=43hgnt.
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3. BHH 20 O DIMIZIERSHS 34
sl (i, ool lAFENSHY B wae sls) ARE

OMAIE AZ] AEE YA AZ7] (critical point dryer;
SPI-13200J-AB, SPI Supplies, West Chester, PA, USA)=
ol g3l & Axeldh AxE A= A4 9.5 mm EF
5 2EE (aluminum stub; 01501-BA, SPI Supplies, West
Chester, PA, USA)l 72 H|°]Z (carbon tape; RS-MN-15-
000412, SPI Supplies, West Chester, PA, USA)Z A3t
T, o] 2327] (ion sputter coater; Q150T ES Plus, Quorum,
UK)Z ARg3le] Wi (PHog 1537 FH3IITE o|F FAL
AAEu7 (SEM; EM-30, COXEM, Daejeon, Korea)2 ©]
|3l 7159t 5 kY, FEAR 57 mm 24 ST

Az A3t A AlE= oF 90°ColA 3087 S' A2et
% A3HA| (softening agent; Agepon, Agfa-Gevaert, Leverkusen,
Germany)®t THTE5 Wt &9 (Agepon: THT =1:
200)ell 12417k o) HAste] 22& AT olF 70%

, ©l

ofereo] ke A FE oeke A= (80%, 90%, 100%)E
w22t 1584 @55t @8 Al ofoldold o}
MEl°]E (isoamyl acetate; Daejung Chemicals & Metals
Co., Korea)oll 154 ol A&k &, QAR 712715 o]&3st

=l

of ¢ Axsidinh. Axd AEe A AR s
stoll A skt

Sy 0|MEENEHY o

4. 2k29| OIMIMEN

she JEiE dspr] 8l oAV Ast 9 Aps) of
Al A=, 283 3shie] AxE oF (anthenyS FF £
(Lugol’s solution). 2 3&7F FAgE & Fen7 (LM;
DM750, Leica, Wetzlar, Germany)2 ©|&3}o] 3235}
T2 oo P Yo Axd (B3] AR)YS FMske] A
A FeE GRlsh] sl ARSI

ool SHE-S WEAA ZWET} 8 (Calberla’s solution)
o2 5% ol AMgt & T Ao R AEE
ZwEet 4 o] WHE F=stal FH WIS H4s)
slo] e 149 7171 I8 ARSI &
A WA 7 AlBeA dAE St 30HE FARIE A sk
== Z°] (polar axis length, P)2} 2= 27 (equatorial diameter,
SA3IAT). oAU Alstel Al she] sHE mIA )
Z} AlgOA AFHS S AR AFRTE ol&slo] A=
& EEE onAE Fral] Qs AANEE
FARAAAR ] (Field Emission-SEM; Ultra Plus, Carl Zeiss,
Jena, Germany)S ©|-83}e] st @dle] ¥ FH & s
Atk 2o thak 8ol Punt ef al (2007)S Wkt

&

ox

S =
=

=

L

5. A 24
AT A= Het + EFHAF (mean + standard deviation)

Fig. 1. Photographs of R. pseudoacacia and Robiniae Flos. A-B; Habit, C; Robiniae Flos, D-H; Dissected floral organs of R.
pseudoacacia, 1-M; Dissected floral organs of Robiniae Flos, D; Calyx, E, I, J; Standard, F, K; Wings, G, L; Keels, H, M; Stamens
and pistil. P; Pistil, ST, One stamen of unequal size, S9; Nine stamens of unequal size.
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2 eI o7 uby At Ast B B|shure] shE
oM #AE A ¥ (P, E ¥ PE W) 15 2 A
ol& Hlw37] 3 dPEAHEA (one-way analysis of
variance, ANOVA)S 3310, ALSAH S 2 Tukeyd] th
ZH| A% (Tukey’s honestly significant difference test)=
AAlETE B8 A 42 R B4 =273 (R version

452, R Foundation for Statistical Computing, Vienna, Austria)
< ARSI BAA o482 P < 0.001 SOl AFS)
ATt
a4 1
1. 29| 9T el
OMMAI U (R pseudoacacia)®] £} A3 3} (Robiniae
Flos)®] 9% HEHIE sfiFale] #2st A3, + A8 BF §
g3t 25 YeRY 3kA (inflorescencey= B4 (axillary)
3= 43 (raceme)e |t} (Fig. 1A-B). 22 9d3} (bisexual)
o|ar, 53 (bilaterally symmetrical)®] HF 32 (papilio-
naceous corolla)°|™ (Fig. 1C), ¢ (calyx)> %3 (campanulate)
o2 oA (calyx lobesy> 59 (5-lobed)dtt} (Fig. 1D). 34
(petalsy> WA O 2 7|9 (standard = banner) W30l 344wtk
A (yellow spot)e] U3, o3 (suborbicular)o]™, W3l

Fox PN |
=

30y - &FS
(reflexed), AT v Q5 (retuse)o|t} (Fig. 1E, I, J). &%

(wingsye F2 =23 (narrowly obovate)o]al, ATk AT
(rounded)°]™ (Fig. 1F, K), &= (keels)e H& 4H2+d
(broadly triangular)©]3Z, A2 o5 (acute)olth (Fig. 1G,
L). &= (stamensy> A3l (diadelphous)©]3L, 10 (9+1)7}
2 7=, g 7R e ol (free)stal, YA i

Table 1. Comparison of petal micromorphological characteristics
between R. pseudoacacia and Robiniae Flos.

R. pseudoacacia Robiniae Flos
Outer Inner Outer Inner
Standard PKR PKR PKR PKR
Cell Wing PKR PKR PKR PKR
shape
Keel TFS TFS TFS TFS
Standard  St, Cu St, Cu St, Cu St, Cu
A"&g;lna' Wing  S,Cu  S,Cu St Cu St Cu
Keel St, Cu St, Cu St, Cu St, Cu
Standard Sr Sr Sr Sr
Periclinal Wing Sr Sr Sr Sr
wall
Keel Sr Sr Sr Sr

Cell shape: PKR; Papillose knobby rugose, TFS; Tabular fine striate.
Anticlinal wall: St; Straight, Cu; Curved. Periclinal wall: Sr; Striation.

Fig. 2. Scanning electron microscopy images of petal epidermis in R. pseudoacacia and Robiniae Flos. A, C, E, G, |, K; R
pseudoacacia, B, D, F, H, J, L; Robiniae Flos, A-D; Standard petal, E-H; Wing petals, I-L; Keel petals, A-B, E-F, I-J; Outer side, C-

D, G-H, K-L; Inner side. Scale bars = 10 um.
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OPIAILISe} ok XinlsiEnhe| sl

fox: N |
SE

=S ME 3 (connate)dth (Fig. 1H, M). & (pistilye 2. SF FU[O| OIMIFENSH
Helm, 2B (ovary)ellis A (stipey7h 93, 315 (syleys obAIVRe] 23t Awiske] shet
2 8-Fvto] 9 (abaxial =outer side

THt (incurved)shH, Wil+= TigrolTh

#3 FxE /)W, 9%
of petal)?} W™H (adaxial

o T R AT S
S ;\\\\\‘&\X«—?ﬁ- N

100pm

Fig. 3. Light and scanning electron microscopy images of sepals in R. pseudoacacia and Robiniae Flos. A, C; R. pseudoacacia, B,
D; Robiniae Flos, A-B; LM images (inset: close-up of the trichome), C-D; SEM images (inset: close-up of the stomata complex).

All images show the outer surface.

20um
—

Fig. 4. Light and scanning electron micrographs of pollen grains of R. pseudoacacia and Robiniae Flos in polar view. A, C; R.
pseudoacacia, B, D; Robiniae Flos, A, B; LM images, C, D; SEM images.
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Fig. 5. Light microscopy images of pollen grains of R. pseudoacacia, Robiniae Flos, and S. japonicum in polar view. A; R.
pseudoacacia, B; Robiniae Flos, C; S. japonicum. Scale bars = 20 ym.

Table 2. Measurements of pollen grains of R. pseudoacacia, Robiniae Flos, and S. japonicum.

Samples

Characters R. pseudoacacia Robiniae Flos S. japonicum
Polar axis length (P, pm) 26.9 * 1.152(24.7-29.9) 28.6 + 1.98b (24.9-33.8) 15.5 = 0.63° (14.3-17.4)
Equatorial diameter (E, um) 30.6 = 1.582 (27.0-34.1) 32.9 = 2.31b(29.1-38.0) 16.3 = 0.60° (15.0-17.6)
P/E ratio 0.882 (0.80-1.02) 0.872(0.69-1.02) 0.95P (0.87-1.04)
Shape Oblate spheroidal Oblate spheroidal Oblate spheroidal

Values are presented as mean =+ standard deviation (SD), with ranges in parentheses, based on measurements of 30 pollen grains per specimen.
Different superscript letters within the same row indicate significant differences among samples based on one-way ANOVA followed by Tukey’s
HSD post hoc test.

=inner side of petal) 2= “HE-ate] AFaIGTh sk 299 4. 3k29| OIMIMEfSHE A
T34 (anticlinal wall)2 W} HH REFoA 24 ORI AJske} kx| Aps) AlRe] shie E
(straight)y@t =71% (curved)e] EA1E FElE UEPOH, & (monad)OE Wolt= 458 (tricolporate)©] L,
3] eJHoM = F4433} 3948 (undulate)o] A =T t 384 439 (psilate—perforate) > 2 221 = AT} (Fig.
W= (periclinal wallye QW Y 2o §44 S5 4A-D). F= Zol= oA E AstolA] 269 +1.15 im, A2
Y (striation)7} BJIERACH (Fig. 2; Table 1). XM & slollA] 28.6+1.98 m= JEREOH, Aw AL 747t 306
He 5% (isodiametric)?} E5F28 (irregular)e] EA)3}151 £1.58me}t 329+ 231 m=z FEEATH (Table 2). vHH, 3]3}
on, 7|3 BE2 AR &t WrolXe S5 Aoleh A 7o) ZH7t 15.5+0.63 i 9k
3l FAEE FEX 54 58 AlE (PKR, papillose  16.3 +0.60 mz e} folsHAl 2] 15Ut (P<0.001;
knobby cells with a rugose sculpture)e} 575 g HHE Table 2). T=3F, P/EGRS oF7RAUREolA 0.88 +0.06, A3}l
A3 (TFS, tabular flat cells with longitudinal striations)2] A1 0.87+0.08, 3|3 EelA 0.95+0.052 Yeh}, BE AR

Ao oe

rq
41

T FPos FEEHIUY (Fig. 2; Table 1). o] A oF+-3 (oblate-spheroidal)©] $-41&FAt}H (Table 2).
ORI 3t A sle] 7| A} WA= FEX
7 =3 ME (PKRyF #E=1om, oo oz} i o

HE F AR B AT AL fF0] ety we, &

Of

=2e] I Yol s 7 2/ B S5 g U3 2 AFolA= A3} (Robiniae Flos)oh 2 714E21 o7t
g AE (TFSyt #2=A (Fig. 2). AVHF- (Robinia pseudoacacia) 35 o= ki, oFH

% sHEe] mAIgElery g2 vl st 7k 5
3. 28 9| DIMHENSE HE ol HZ FEHE B F® Wil 2dd shisty 92

PR E3h Ajjsh mFol ok TRlo) WAE o] 7 slgo] 4 ShEAe] R ZFeAE Selak A
(unicellular non-glandular trichome)”} 233l £33 (densely H3lol Y 7 (family), 5L 713 (organ)0] FAZ A=
distributed)staz Q1o #¥ FRE #Fs] ofHATt (Fig o] U& s (Snphnolobium japonicum) A3}t SH-S 3

3A-B). wHH, slolMe BEER] ek 71Fo] EIENe. A vlwate] A o) e 28 7Fsd Feshy A
o, 71% 58A= 7Y (anomocytic type)>® YERRT  EE AASILA SRt
(Fig. 3C-D). B ATedME At & 58S A A A oA
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OIS} ok XinlshE

el Blsh AR, 223 fE $9) oA AEE tid
o7 it nHlFERE FARAAERA S ol &ete] AEe}
Fom, g FAL FnA 7S WAt EAskith

sk 339l 5573 ME (papillose epidermal cells) =%
& Ed ] 5 SRR (pollinator)] 2HA] eHYAS =
o|i Y A MIIHES WAskE 7154 FEE Hard vt Q)

t} (Kevan and Lane, 1985; Whitney et al, 2009; Cérdoba
and Cocucci, 2011; Aronne et al., 2012). o|&et 3} %
TR QY & 2 A JFE R Ae
2 4HA vk (Giovanetti, 2019). E3F 29| FEjo} 13+
EX FEuAb) AseleE 21313 7153 A 2A, B8
A A AR B3 A= dTS sl

1__

1

Al T

oz LQ‘}}E} (Kobayashl et al., 2019). & A7 =
O Mgt} A sl= st RIME F3e] EX Y
o] AR Ueltor, 7o diiMe 53 579 =

3 AE (PKRYL &FdeAe 579 W #93 Alx
(TFSy7t L&A=A F2= At AE7} L3 719F
AL AAkskE B, A ol SRRz 7]t 9
T WAe] ME e o3 2A] PSSR TFeES
Uepdt Bk o]gt i F3t A&l it 19 4
o] F ol FgH R fAIETh= A Aot A5
(Ojeda et al., 2009; Cildir er al, 2012), 34 3] 727}

]LE

PRt v P42 289 5 U9 ANE 71E ars
A A gtc} (Bailes and Glover, 2018; Shah et al, 2023;

Badry ef al., 2024).

ok Elol i oA LRESl A3l B TAE )
el FEshe Fe7t FEEAT T3 A=l oie]
82 )RS B 9 B3] gl wels)
722 ByE vl 3th (Vrachnakis e al, 2005). FEat
i} Ao BEL Fygky 2 BE&

3 Aol u=EH
s ek ﬁééi ﬂ»‘w F ow (Cildir e al, 2012), &
8] OMA T (Robinia)l| A 58] Feje} 27t RS
T f-83t ¥F=E HE vl 9o} (Konarska and Eotocka,
2020). £ A Az, ot +2F EHLS Ax 9 vk 3
e Az KA dHAE FgH R fAEE AR g1
FRom, o] AFoAAT (Muyumba et al, 2021), <Al
S 93 -85 Jue AEE E8E F IS AR
et

oMl -5 Aol = FeHoE AR
2 oA AlE7E AESHeR BHIET N‘«Qtﬂ (Han et al,
2011; Lu et al, 2017; Wei et al, 2019; Zhang et al, 2019),
A= 3} (Sophorae Flos) & ZHollA A]skeke] &<
AbEl7F glE vl Qth (Wei ef al, 2019). o123 EAlE <F
A F2 e F kA SHAA Fast AR Q1A E T
ATE B AFolA At shE FH vl A Al Al B

o e R

o

2 op) 7 )

R
L

1he| Sl
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ol
=

Sk2 O|M[FERErA ot

FollA AgTEol BEET sHE 271 9 PE W& WAL
AN oMo} X}Hﬁ]r 7k frelgh 2ol 7k EhbA] e
W, sjshrolds BAIFSRE {23 Zpol7t SRlETh
(P<0.001). A3} Od%ﬂl w=2H, sht 379t Juje Ax ¢
VB olFolm eHgHow fAEE FEE R
(Govindarajan et al., 2019). T AEolA I PAE

=3

He 5 a5 B5ol 483 322 2o $on (Song,
2007), thFet ERrellA FEAR0 SHE f30] ERIHEE 5
T 2 FY (exine

=N
Alell sk =271 (P, E)ot #H9
ornamentation)2] z}elol] &J3)] F 7+ Fi-o] 7HsEo] A=
AT}t (Bahadur er al, 2022; Liao et al., 2022; Khan et dl.,
2022; Das et al, 2025; Khan et al, 2025). WEhA <&
5 °]7P 221 o] A, skt A7) SH T e Thdsk A
Eo] yhdo] 7 Ao wdhem, sht

EIME
EHA 7, 28]aL skl §
33@% ‘gﬁ]rg]r A5t 7kl f-o] gk Zpo]
= 9 7R F8E AR oA dECAM =
57d0] K H o R fAIES AALe
}\]E‘:_ A8 A5 2 Az 24
U]ﬁ o] 7hsshH, olegt
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