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Isolation and Identification of Phenolamides and Fatty Acid Derivatives
from Actinidia arguta (A. arguta) Bee Pollen

Samgyul Lee, Mun Seon Lee, Yun Gon Son, Suwon Park, Seonmi Kim, Hongmin Choi,
Pureum Im and Soon Ok Woo*

Division of Apiculture, National Institute of Agricultural Science, Rural Development Administration (RDA), Wanju 55365,
Republic of Korea

m Bee pollen of Actinidia arguta (A. arguta) has been recognized as a functional material containing
diverse bioactive compounds. however, previous studies have primarily focused on extract-
level biological activities, and information on individual active constituents remains limited. In
this study, major compounds were isolated from A. arguta bee pollen, and their structures were
elucidated using chromatographic techniques in combination with LC-MS and NMR analyses.
As a result, five compounds were identified, including three phenolamide compounds belonging
to dicoumaroylputrescine and coumaroyl spermidine derivatives, as well as terrestribisamide
and roughanic acid. The phenolamide compounds were characterized by molecular ion peaks in
mass spectrometry, and their structures were further supported by characteristic fragmentation
patterns. In addition, geometric isomers of coumaroyl spermidine derivatives were distinguished
based on differences in coupling constants of olefinic protons observed in proton nuclear
magnetic resonance spectra. Notably, terrestribisamide was confirmed as a methoxylated
derivative of dicoumaroylputrescine, indicating structural diversity of phenolamide compounds
in A. arguta bee pollen. The presence of roughanic acid further suggested that the chemical
composition of bee pollen includes not only phenolic compounds but also fatty acid-derived
metabolites. These results provide chemical evidence for the structural diversity of major
constituents in A. arguta bee pollen and are expected to serve as fundamental data for future
studies on biological activities and the development of functional materials.

Actinidia arguta, Bee pollen, Dicoumaroylputrescine, Coumaroyl spermidine derivatives,
Terrestribisamide, Roughanic acid
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o} 22 HaFR el BAo] ZASIN, o] 52 st
% 3L 243 Db 2 Ao waei

p=)
|

(Braciuniene 2026; Mengesha et al., 2026; Sanlier et
al.,2026).

2 AFoA= WElE o] Ag|aio] £ mis e
o 54 #2252t NE sitE] oo 2dEHE AoR
B %1 QTH(Li er al., 2026; Liu et al., 2026). A3 A
& 594 ol (Actinidia arguta) B3 FEE2 ARFA
AL S oA arheer ohet Fg 28 5 chrd

AddS Ul 2 0 2 SRIEITH(Kim et al., 2024;
Lee et al., 2023). 53] ol2gt A&/ ool o
23} tiApEe] 7]Q1eke Aoz g A glon, ol
sletE2 E44A AA, 95 wiziIAr SA] 2 Al 4
g 24 55 5l 7%%% dshs 2o R Ky
QIt}(Pieracci et al., 2026; Saker ef al., 2026).

Ag7t2] o] ol e i FE5E FeolA
A grtel AsEe slod, /i sletEo] 22 9
TZ ol Wk A= AFH 0 &2 5] of Ltk (1z0 et
al., 2025; Liu et al., 2025). T3t A} A5 7] Yof| u}
2} sfota] Aol 2 Fex|Be 54 e fef Hek
of gt AEAN & E4o] "astthJoo er al., 2025;
Stebuliauskaite ef al., 2025; Yildirim and Gercek, 2025). T+
A 2 AFolM= ol HekE o 2 7Y 3o AR
225k, LC-MS ¥ NMR 242 53f| £2E st
o sk o] slehA EAN Aegd 24 7Nks 5
Skazf sHeITt.

Xﬂ 7% H éﬁiﬁ}‘ﬂﬂ}.

Ao AH8-5 HE-E, n-hexane, ethyl acetate 5 7718
= HPLC grade A5 AMHESEY. O, silica gel (70~230
mesh, Merck, Germany)i’/} Sephadex LH-20 (GE Healthcare,

Sweden)= column chromatography°ll A&+ T,

70

3LE AFgste] 38)
E%”?%a%@ﬁ7%%?&ﬂﬂﬁa
£

5 FE=0 TFTE H7st 940 Fn-
hexane 2! = ol-goto] +atH o= g £
2 Yot} 1 A3} n-hexane 22 64.96 g7} ethyl ace-
tate 2] 16,07 g= FUoH, Z4F £ o] F 22 B A

off AF-g-5FAH

ethyl acetate=

N I /\]'%5]'04 gradient i?ﬂ&i falskict 89
Z71-2 Table 1] YEH AT,

2% % 870 22 (1~8y& AU ZF 22 =2 TLC
% HPLC 24& &9 8 925 &
column chromatography %!
wejssct,

2332 59 SIHE-S o= A2 2 BIE] o] silica
gel column chromatography = E&%H Aot e, vhE

Aol AAE Bl 3 IES

2 Sephadex LH-20 column chromatography % preparative

HPLCE ©ol-g3te] F7F GAlstalen, 2F4or &5

ShES Besar

Table 1. Elution conditions for open column chromatography

Fraction Solvent system (v/v) Volume (L)
1 7:1 3
2 5:1 1.5
3 2:1 1
4 n-Hexane : Aceton 1:1 1
5 1:2 1
6 1:5 1
7 1:1 1
8 MeOH 100% 1
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Ciafl HatRol 22|

U TZ S

2 H3tE FEE 2R E tdRt A4 I =rtE T ]

= = Gt 1 A F 5714 3t

7] £ FXE= LC-MS ¥

NMR 4% Fofl 8= et B9 7+ 2ftEol gt
2]

1. Roughanic acid?| £2| ¥ 1= &4

23 3(1.397 g)=

25}9] n-hexane : acetone 2

silica gel column (CC, 3 X 60 cm)< ©|
U methanol= Z3Het &0l =71

oflA] Eelotgiom, I At 28] 3-15H 34742 9] AR
32 Adrt. o] F £ 3-2(891.5 mg)E F7t= At
At AAE 3IHE (520 mg)S HE-3 230 2 HE Ha
= s}ghEoltt 2= LC-MS ¥ NMR 248 53 119
5}t LC-MS E‘—ﬁ A3, 2 2L m/z 250.192] F
, 0] B2 250.38 g/mol | ST
St 2}0““4 [M-H] °]2°& weech B3t MS/MS
E oA T2 fragment ion BIES} 2o A S5
et gt ARE Aol ofgt EAAQI fragmentation
patteml_q' %]i]ﬁ]'?&‘:]'(Ares et al., 2018; Yoo and Chung,
2025; Turkol ez al., 2026). Fig. 12] 'H-NMR ~Z|E o]
A= 8 5.3~5.5 ppm GGl olefinic proton 4127} T
Elo] o]z A%t EQE IIF 4 AUNCH, §2.0~23
ppm G HollA= allylic methylene proton A127} 2HQ1 %]
Atk T3S 1.2~1.5 ppm FGollA= 71 aliphatic chain®]]
S|dSH= methylene proton A1 271 W2 w32 LGS
™, 6 0.8~0.9 ppmOll A= Z methyl proton A1 &7} T

St o]t 415 el B} HHitofl A dytA o
2 BuEE EXT AR Fig. 29] BC-NMR AHE

Table 2. Structural chracterization of compounds isolated from Actinidia arguta pollen

Molecular weight

No. Compound name Structural formula Chemical formula
(g/mol)
_— =
1 Roughanic acid Ci6H2602 250.38
2 N,N'-(E)-dicoumaroylputrescine \OV/\(V\AJV\Q\ C22H24N204 380.44
3 N](E) NS(Z)N1()(E)-tri-p-courna_roylspermidine ; g C34H37N306 583.68
4 N'N° N ]0—(E)—tri—p—coumaroylspermidine § 5 C34H37N306 583.68
e I

5 Terrestribisamide R V/TN\/\A“ i \Q\ Ca4H2sN206 440.49
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"H-NMR spectrum of roughanic acid (600 MHz, CDCl;).
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Fig. 2. ®*C-NMR spectrum of roughanic acid (150 MHz, CDCl5).

GOl A= 8 175~180 ppm G ol A carboxylic acid®l g
5= carbonyl carbon A1 27} BHIE T, & 128~132 ppm
G H A= olefinic carbon A&7} T EQIch EIF §
22~35 ppm G HllA|= aliphatic methylene carbon A1 &=
o] th= ERIE10 ™, § 14 ppm F-ZOl 4] terminal methyl
carbon A127}F UEFETE o]fgt A= Al el A4
O] AP 2]Q1 getA EAT & ARt} ool LC-MS
\;l_l NMR &4 A

=4 A= 71 ol E11H roughanic acid

72

o] F45HA Hlolg e} Fotetglom, et 2 SfgaE2
roughanic acid® 5435 tH(Al Qudah and Abu Zarga,

2010).

2. N,N'-(E)-dicoumaroylputrescine2]
2L Y 1x SH

23] 70| ti5}te] CHCL:2F MeOHE &1 2 42|71 @
E A9 a2t nE £t At F oo ARE
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Fig. 3. '"H-NMR spectrum of N ,N'-dicoumaroylputrescine (600 MHz, CDCl5).
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B2 Aottt AR3E F Jo] W2 £& 7-72 sephadex ©° 2 woEt E=3F MS/MS EAo1A m/z 189 X 1919
2 = AY a2ntE 195ty 47 B ES 47, fragment ion®| T E| =T, ©]+= p-coumaroyl TZOfA]
% 23] 7725 HPLCZ B3 HelEg 74]4—"55}04 —“&:i frefiote 544Q fragment® E31%H HE Qlo}. Fig. 39
7-7-2-6= 25T 22 2FeE (16 mg) 2] LC-M 'H-NMR 2H E 2] A4i= § 6.2~7.5 ppm D olA BFH
24 Ayt m/z 380.179] 4 o327 TEES tq 1% proton A1 3.2} 37 trans-olefinic proton A&7} I Q]
2 382.45 g/mol®l| Sl sh= E9] [M-H]™ o] o, E3] & coupling constant (J = 15~16 Hz)E Z+= ©]
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A

A& = p-coumaroyl”Z| 9] trans FEHE Fo] 2

2SI

oS

2 N ol
oo

3.0~3.5 ppm QG olA+= putrescine =2
g Sh= methylene proton A1 &7} THEE gl oM, o] =
polyamine 32| E2}E YebHTh Fig. 49] C-NMR &
HEZHA= § 165~170 ppm F o4 amide carbonyl
carbon A7} BQIE| 1T, § 115~145 ppm G o A& 1
= 9 olefinic carbon A& 7F HEE|QATE EJF § 35~45
ppm G H A= polyamine chain®] S 5k= methylene
carbon 4157} ERI=| G}, o]#g MS ¥ NMR &4 2
= 5 7€) p-coumaroyl”]7} putrescine =Z ol ZAgHH
phenolamide %2} & 42|59, 7]&o] H 115 NN
dicoumaroylputrescine©] 23284 d|o|E] et Hototit

(Choi et al., 2007).

[¢]

3. NY(E),N>(2),N*°(E)-tri-p-coumaroyl
spermidine®| 22| ¥ X 3

28] 7-7-25 HPLC &2 & F3sto] F7H4Ql @ @
A= 7-7-2-8% Bttt o stEe] R MS 2
NMR ~HER] flofelE FotA o2 FAsto] 117513
of. MS 24olA F8 24 ©o]2 W3 m/z 582 [M-H]
2 9l oH, o] spermidine A Al 09 p-
coumaroyl”7]|7} ARTH =0 Fgst= 2 EFS UEhd
o}, E3F MS/MS =A40l4 T2 8. fragment ions->
coumaroyl moiety 2] <=2H4 &2] i€l S Hof s L&

=

2| 2|51t Fig. 52] 'H-NMR (600 MHz, CDCl3) 2~ E#
ol A= & 7.40~7.60 ppm B ol A aromatic proton 2127}
TEE AR O™, § 6.20~6.50 ppm N A olefinic proton 41
o7} Yebstth. £35], 8~7.5ppm(d, I~ 15~16 Hz) E 8~
6.3 ppm (d, J ~ 15~16 Hz)2] coupling constant:= trans (E)
o|F AT EAE Fets] Urehdt. B AR olefinic
proton®l| A A H S 2 ZF2 coupling constant”t THEE] o]
Z configuration®| 97 Z3H-S LEPATE T3 §3.0~3.5
ppm GO A= spermidine =2 2] methylene proton 4!
S7F g1l e H, o] = ol AkE 0] EAIE HHH
gttt Fig. 62] '*C-NMR (150 MHz, CDCls) 2~ E & ol 4]
£ 8 165~170 ppm G4 amide carbonyl carbon 415
7F TEE ST, § 140~150 ppmOl A= aromatic H olefinic
carbon A1 &7} YEFITE § 115~130 ppm G99 th4=9]
I ZE= p-coumaroyl 2] 720 3FSHH, § 30~50 ppm
G oA spermidine AF&2] aliphatic carbon A1 &7} &+
QI=| ATk, o]¢F 22 MS X NMR Hlo[ElE FRHH 0= H]
W EATE A 7]1E FR0 BarE NY(E) N(Z) N'(E)-
tri-p-coumaroyl spermidine 2] 2~ E & do]g| e} A X]51H%]

o HEAHoR It L2 2 T Ma et al., 2001).

4, N*,N*,N'°-(E)-tri-p-coumaroylspermidine2]
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Fig. 5. "H-NMR spectrum of NY(E)N’(Z) N 1O(E)—z‘ri—p—coumaroyl spermidine (600 MHz, CDCls).
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Fig. 6. *C-NMR spectrum of N'(E) N°(Z) N'*(E)-tri-p-coumaroyl spermidine (150 MHz, CDCl3).
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Fig. 7. 'H-NMR spectrum of N'N° ,N]0—(E)—tri—p—coumaroylspermidine (600 MHz, CDCl3).

ato] 7HAQl SRS 7-7-2-9 (28 mg) S H2|aHolTt. ESI-
MS B4 8 EA} o]l 2 1T+ m/z 582 [M-H] = &
Q= e, o]= spermidine =2 Al 7§2] p-coumaroyl
717} AR AxeF A7 MS/MS 2414 = couma-
royl7] 2] efof 3t EAAQI fragment ion HElo] T2
%2tk Fig. 7] 'H-NMR (600 MHz, CDCl;) 23 E o]
A 8 740~7.60 ppm Al aromatic proton X137} LE}
$Om, § 6.20~6.50 ppm Gl A] olefinic proton A1 27}
TEE T E5] ILE olefinic proton©l| 4] ©F J ~ 15~16 Hz

SRel=]o] Al 7HE] p-coumaroyl
9] o]FAgo] B trans (E) configuration = H&s] L
EpTE, T3 § 3.0~3.5 ppm GOl A= spermidine A&
o AF5t= methylene proton X137} TEE QoM o=
ot A FxE5 A3}, Fig. 82 *C-NMR (150 MHz,
CDCly) 2HEH A= § 165~170 ppmOlA] amide car-
bonyl carbon A1 27} SQIE AT, § 140~150 ppmol A=
A27F e & 115~130
ppm G 9] A S 1= p-coumaroyl 21| G320 oo, §

2 coupling constant”} &

aromatic 2 olefinic carbon
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Fig. 8. *C-NMR spectrum of N' N° N'°-(E)-tri-p-coumaroylspermidine (150 MHz, CDCLs).

3,0

10

abundance

LJ

J

X : parts per Million : Proton

Fig. 9. 'H-NMR spectrum of terrestribisamide (600 MHz, CDCls).

30~50 ppm G Gl A= spermidine =2 2] aliphatic carbon
AZ7F I 5o], LR BAE (m/z 582)& 2=
3Rt= 7-7-2-83} H] 1Sk olefinic proton2] coupling con-
stant 1}012 53 o] @AY o] A=A (Li er al., 2013).

5. Terrestribisamide?| £2| Y 1Z X

% 7-95 HPLC A=rEIH| w2t £&sto] F 9
Mol AREES doloeH, 1% 7938 BA IS 5
3 9 slgtE= shrstelct. slY 3152 (28 mg)2 ESI-

MS EAJol|A] B2} o] & 3] 3= m/z 396 [M-HJ & EHels]
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921, o]= dicoumaroyl putrescine =4/ methoxy
17F =i FEef Aokt S MS/MS 240l A
coumaroyl moiety?] £ fragment ion®] % o]
g 25 AASFA. Fig. 92 'H-NMR (600 MHz,
CDCl;) 2HE 0| A= § 7.0~7.6 ppm ¥ Oﬂ/ﬂ aromatic
proton A&7} TAE ST § 6.2~6.5 ppm Tl A olefi-
nic proton A3 7} ZRIE|QIT} E35] J~15~16 Hz2 cou-
pling constantS WEFH+= 41 &+= trans (E) configuration®]
ZAE A Ao, o]& hydroxycinnamic acid -4 A]
At o WaEE S4olth B3 63.7~3.9 ppm T

N
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o)l A methoxy (-OCH3) proton 4157} F714 02 Y&z stribisamide 2 roughanic acid 5 & 5%9] SFES HF
0] 719 dicoumaroyl putrescine e | EAS Hozg Bl FAoAt. 53| spermidine & putrescine

e o™, § 2.5~3.5 ppm GOl A= putrescine /\]“—Oﬂ =749 hydroxycinnamic acid =47} A3HE H=otat
S|4 oH= methylene proton J27]' I Fig. 109 ot SIHE-2 the WehREo F9 A ABog 3ol
'3C-NMR (150 MHz, CDCl3) 2B E A= § 165~170 RtES 5

o™ o] & coumaroylspermidine A€ 5
ppm %l A amide carbonyl carbon 4127} =GO

[e3]
T BAS A WAL 715} ol WA EATE %
5

l

o =
™, 8 145~150 ppm & 115~130 ppm G A aromatic 2 QIS o]t o AR = A AT B4 oA
olefinic carbon 4137} ERIE|UT} E5] & 55~60 ppm I =8 49 AGdS 2ol ol FEEH AT ES
& of| A methoxy carbon 4187} LFEFL methoxylation T+ terrestribisamide:= dicoumaroylputrescine®] #5432} &
£ skl LA & gelEof, thefl "Ml W) mlisotutolt ShehEol
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T}, 7-9-3 FEL 7|Eo| R1H N N'-(E)-dicoumaroyl = H3kRo| mlE4 SERET ofy et 24t B2 thAt
putrescine 2] methoxylated =4} terrestribisamide = & AFEE @7 Zobeh= HHAQl sty 2A44& AHS Al
A=t 53], £ g2 A B2l NN-(E)-dicou- AR} thfet A8 5314 91513 Phenolamide Al
maroyl putrescine?} H] W5} methoxy”|7F F7He % sletEo] apitel 3t ¥ 84 Aof @47 22 g
A Hyg-Z el o]= H3E 72 phenolic amide 2} S Uetl+ A& 23R W, Actinidia arguta B2
SHE o] 12 thFA-S AJAFSH (Farhat er al., 2025). 25 e 21H phenolamide 322 WSl o] atst &
4 W A% 7158 A Belo] & Ao R wry
o & A5 A= o] HekEe] 2 shtEs E A
3 = B Szold Relohn 728 AHRo A, A|Ee 32
= T4 A A5 Hebot= 3ekd 2AE Al
2 A= o HekRolA F2 sitES sk, At ol= 3% o] Heke] e 71 8 2 7]
LC-MS 9 NMR #4& 7|¥to 2 o] 59| 3}eh4 Lz T A EA ] B8 7FedE Bkt Hl 8% 7%

le]

[e]
< ottt 1 23, dicoumaroylputrescineXt tri-p- a2 dgE QS A
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