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Abstract

This study analyzed the chemical characteristics and physiological activity of five kinds of fresh vegetables produced in trees in
early spring and tried to use them as basic data for wild vegetable producers and processed food manufacturers using wild vegetables.
The crude protein, minerals, ascorbic acid, folate, total phenol, total flavonoid, DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging activity and ACE (angiotensin converting enzyme) inhibitory activity were determined. Five spring wild vegetables contain
high protein and phosphorus, indicating that they are useful food ingredients as sources of protein and phosphorus. Vitamin C content
was high in R. venicifera and C. sinensis shoots, and in particular, R. venicifera and A. cortex shoots have high folic acid (folate)
contents of 1,903.91 ug% and 1,525.35 ug%, respectively, which is considered a good food for folic acid intake in spring. The total
phenol content was between 0.52% and 1.27%, and it was the highest in C. sinensis of 1.27%, followed by the order of R. venicifera,
A.cortex, K pictus, and A. elata, which tended to be consistent with the total flavonoid content. As for DPPH radical scavenging ability,
C. sinensis (55.93%) showed the highest activity, and ACE inhibitory activity showed the highest activity in 4. cortex (88.04%).
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714 % Wol FRStaL Qlof 2 T4 s 7|HE
UTHLee 5 2004). U, A D /FFoEE Ed=
U (Kalopanax pictusy= 5515 (Araliaceae) 1=
2 3=, S, & 5o ExE o] gloH, e E B
UE AEE ko R R} offigle 4808 o] gH}
(Jeong 5 2004). 71 AJE O &= saponin?l kalopanaxsaponin¥}
H=4 33EEA] liriodendrin, syringin, chlorogenic acid 5
o] &&A QIth(Shao 5 1989; Sano 5 1991). @ Z T+
(Acanthopanax cortexy= 5 UFT}H(Araliaceae)o]| &= 2]
EE 3, S, oFFE SAlo] &35t 9, gHl, €71 "
He] gdo| AF 34 A& aAlm 5AE] AL ol
L7HuEt 231 Ak (Ryoo 5 2003). 224 HH(L7H]) &
o] Q9 AR OF = chiisanoside, hyperin, olenolic acid,
eleutheroside B, eleutheroside E, chlorogenic acid, protocatechuic
acid 52| =0 FFE] ATt FHA ACH(Lee &
200, 27k @l $2%0) ez, sk, PoF 5 ch
oFejzgo] BWTH AT Lee T 2003; In 5 2012). HHUT
(Cedrela sinensis A. Jussy= QAR 7} ofAJo} | ¥Q] HLL
Umate] ugimEos sl2e 9 wetul Bel wehy 7}
ShRrElo] QloH et ZEE o ga-Fo] QL FEU
I Qlof|= (+)-catechin, quercetin, afzelin, quercitrin, isoquercitrin
59 #H=4 sRtEo] Z3E o] QUtkal H i E o] QItkKim
5 2010). U5 (Rhus vernicifera Stokes)y= U5 <(Rhus)
o &ot= AEE FE T, T, Y204 Agst =4
22 SFAl=(urushiol)o] ™ Alek, Aok %, Ex 715 5o
o5k &2 Axte] Aol ol 7HA] 7|54 AdE 7HA AL
noH, HolA= 2347} H 1L THoj| A= ofEefo] F o
5= oo ARolA= FEA7E Hof ARt A
< &olsHA & £t ofd e} 71AF AAY 859 54t
o2% AMREE ALR AHA SUTH(Cho 5 2000).

2 AF+= ol& Boll oA FAtE= A FE ] AHAY
5% gt olateta E4ut Fe@dE EAlsto] AR A
4t B7ket AR E o] &S 7 AE ARIAE At 7123
22 &8skt st

o 02 >

Mz o

1

= AR 552 202 SFEE oA A 57l
A AE AL e i AeCrE &, Aralica elata), U
ME(AUWT <=, Kalopanax pictus), 2710 Me(7H <,
Acanthopanax cortex), &= M<&(FE &, Cedrela sinensis), 2=
M<=(Z <=, Rhus verniciferaye 44 S04 59 Aol A+
= 13 Al A Fote] FAIGo) Ald & 2718 AASH

i =2 =2
mesh2 E45le] AL Y53 (Gudero, Ilshin Lab Co.,
Gyeonggi, Korea)ol|A] -70C Hy5tHA B4 A|8E ARHE
31t 2022W = AARES] AW F 7|22 127 C(AE T
A71& 75T, dA¥HF 17| 1820)0)1, A PB4
1,390 mm(4¥ 7%= 68 mm)gic.

=

2l R E-LS AOACH(AOAC 1984)0] Z35}0] EA15619)
ot &, SESEFES 105TC AY 7MEHoe =z AR soxhlet
extracition method2 R 3| & 2 550C 3oz BA5}
Gch. ZEHE A Stewart S(1964)0] MHlo] ure} 24
SH=tl, Dumast2 83 A4 FA47](Vario Max CN,
Elementar Co., Germany)Z AASHFS B4 & chillz] A4
6255 Foto] M FFor H|SIY FU1dw2
SAAZ AR 0.5 o] A4 8.0 mLe} FHAA 2.0 mLE &
F¥etol ZhAgol Al 44] Eafehi 50 mLE Hgstel ol
(Whatman filterpaper No. 6) 3~ ICP(Inductively coupled plasma
spectrometry) 2 45} Th(Table 1).

2) HIER!I C

H|EF C= Phillips 5(2010)2] ®#o] w2t EA5H3Tt
= 5Z24A% A& 1.0 go]] E89 5% meta-phosphoric acid
50 mLE Y11 homogenizerZ 187} #23%H & AEE
(3,000 rpm, 10 min)oto] A5 NS E |5k, ThA] pelleto]]
S&ME Y1l 587t sonication &3 & A= 5to] 4
S-S goto] 100 mLE -85} 0.2 pm syringe filter2 o
F5to] HPLCE H435}% th(Table 2).

3) e&kFolate)
DeVries 51(2005)2] ®5o]l W} trienzyme FE5 0l <9

)

Table 1. Operating condition of ICP for analysis of
minerals

Item Condition
Instrument ICP-OES (Varian, Nederland)
Plasma flow 15.0 L/min
Auxiliary flow 1.5 L/min
Nebulizer flow 0.7 L/min

Wavelength (nm) Ca: 319.93, Fe: 238.20, K: 766.49, Mg: 279.08
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Table 2. Operating condition of HPLC for analysis of
ascorbic acid

Item Condition
Synergi 4 um hydro-RP 80 A,
Column 250%4.6 mm, Phenomenex Co.
Detector UV 245 nm
Mobile phase 0.05% formic acid
Flow rate 0.7 mL/min
Injection volumn 10 uL
Column temp. 40C
QA BAG WA &, A EAD BEAZ AR
1.0 g@} 0.1 M phosphate buffer(pH 7.8, 1% ascorbic acid) 2

1

TS 44 71ste] 100CoA 1527 GAF B Y24
At AR A vEE A 23 protease 8K (2 mg/mL) 1.0 mLE
7Fsto] 37°CoflAl 3AIZE HE-G-AIZ] L 100TOllA 523 AA 2]
5to] proteaseE B4 AlHTE 5L Sk~ a-amylase
89020 mg/mL) 1.0 mLE 211 37°Co|A] 2417} ¥HS-2 215
3t 5 conjugase (5 mg/mL) 4.0 mLE 7}510] 16A|7F 7H:
2ofstait. ARt FAIAZI7] fI8) 100 CoflA 57t
A5t $&99] pHE 452 243 F 100 mLZ %23
o] ¥ Alg 2 AMEstYch 2259 IA AL L casei(spp.
rhamnosus, ATCC 7469)E ©]-2-st n|AESHA ®FHo| o)
AASFA EHChae 5 2013).

olN

%

4) & EZ2|Hl=(Total polyphenol)
Folin-Denis® (Lee 5 2014)°] E]-E‘} v Al =,

mLoﬂ Folm-Clocalteu phenol AleF 2.0 mLE 7}5ke] &85t
= AR T 10% Na(C0s 2.0 mLE go] Jgstar 14]7F &<t
A L0 A HFZA]7] 3 UV-spectrophotometer(Optizen 3220UV,
Mecasys Co., Korea)5 ©°]-&3}9 700 nmo| A ST L5 =74
S, T 4o Sl SRS o] SUsH At

At ojn) EFEZZ = tannic acidE 5~50 ug/mLe] FLE =2
Azste] AYTAL HAstol A&

o
OB
e

2t5 0| =(Total flavonoid)

% E9E ol FE Zhuang 5(1992)2] WOl &5}
o] colorimetric O 2 &35t = AR 1.0 mLE DW
99.0 mLZ 4A]7F & o7t A2 1.0 mLE AlgHo| F
51l diethylene glycol 2.0 mL2} 1 N sodium hydroxide 0.2 mL
& SUT o VTN T WS F 7 U8 27
20| TS 420 nmolA 27
7 QYRS stel AETAT

_4

°

querceting ARSI 1

B A 559 P, DPPH 2 ACE A5 2 187

Z9 2 T AF 9 52 AX5}] 80 meshE

1.0 goll 3%} Z53 99.0 mLE F 7151
I Z&5}3. o] ¥}X](Whatman filterpaper
No. 42 o7}t o] 7HL 12,000 rpmO. 2 2057+ YAl E e
3t 5 AEOG AP 2HE 22 ARGE 968%)2

AHEteiet.

2) eitst g

A & A)|ZE.9] DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-
Aldrich, St. Louis, MO, USA) Z}t]Zr 2AA5L Im 5(2013)9]
g Hystal St &, & % A& 100 pLo
1.5x10"* M DPPH €9 100 uLE 7}5}o] HAlojA] 3087
WA &, 517 nmof| A SFEE SH5to] Alg F 7

279} vlwste] B4 Z4stant.

3) ACE Noli&Ad

3} 1@ LA Angiotensin I-converting enzyme(ACE) A 3] &
e Cha SQ006)] L U3 WPste] e =
AR 22 AJ= 50 pLlo] ACE €9 150 pL(2.8 unit)2} 0.1 M
sodium borate &8N (pH 8.3) 100 uLE 7}t & 37Cof A
1057t preincubation A|F T}, o 7)o 7]& 2l Hip-His-Leu &
H 50 uLE 7Fste] 37CoA 3027t ¥H-&-A1Z1 # 1.0 N HCl
250 uLE 7}5to] WSS AR AlFTh tHA] ethyl acetate 1.0
mLE 7}5ta] 3027t vortexing?t TS 158 Z9F YAEE
(3,000xg)?t & 45 0.8 mLE FSH3ATE o] S HS speed
vac concentrator(EYELA Co., Japan)& ©o]-&5}o] 43| AZ
A7l ¥ sodium borate 4E-8Y 1.0 mLE 7}5ta] &3A|AH
28 molH SHEE Z4alol ACE A5 A,

ACE A4 (%) = {1 -(S - S.B/C - B)}x100
CRERFRCES IR PR o
A9 FBE, C: AR A F75 79 FBE, B AR
YAl F5H4 A7 8 ACE £ A7HI9 $9E)
4. SHEN

==
£ d70 BE A 33 W 245 ¢S o8t

MeanS.DE YERHAIL, 594 H =

(The R project for statistical computing)= E-8-51% 0., Z+ A
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= 5%eA AAskTH

AAIgt &, Duncan’s multiple
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49 FwolAl 5Y Aol 12 MleS AFT B A 5%
of that YvhgE-E A% A= Table 33 At 52 A
23 & A 559 FE T2 27t $o] 1.99%E Ax
7v 71 wo] Eof ROl Rk, IE &2 820%=
2 A% FoE 7P 22 SEEEFS BERol AU
A 5] gt e SF2 Q71 {=o] 45.60%= 71
EUL OS2 £ o JdUF ol 42 39.12%, 37.75%=

o]

S A
Uebgth AR T2 2 £ollA] 6.55%2 559 & A 7}
28 FoH g =2 TS UEUSY, a2 dUE &
O0F 457%9] AHHS 95t 9 oH, B4R SRS
AUE &3 55 $o] 2+ 46.77%, 45.85%2 2 FFS
HJI Fo 2= 5 oA 42.61%2] @432 T
shal AQ Tt F7FREA RS IE(RDA 2017)°] ©H=2H 4k
E9] ould FhF2 BQVFE 24.20%, & BT 26.22%, X
A 25.80%, HE|A Bl 26.60%, A 159 3543%=
# Aol AME B A 559 oA 3HEE(36.93~45.60%)
I ¥ 3L uf ohd Zol= YA AR 5T =2 Tl
< SHAoRAL QlojA Tl FFYo R A {85t E8%

L 2RY SRR

o =

ol ATt & AR 550 gt R8-S AT 4
= Table 49} 2t} Ca(Z), Fe(H), K(ZH), Mg("F1Hl),
Na(HER), P(?]) &= #4511 3= gol g5l A
= 8RS Zw, ZF, vvls, Aol Z(Ca) 9
FE 559 A FolA £ =ollA] 647.39 mg%E THY w2
Ze T2 eI, B33 5 22 399.53 mg%3
Oow HhHo| AU 2 282.26 mghz 7MY W S
LEtio], & 0] Z o] AU =l vlsto] 24 o]4)
THEO] A & 5 AU HE(Fe) T 559 AHA
of Hli A #A RFEAE B} 2 5(10.86 mg%o)t
Q7 5(10.65 mg%)oll Al =A e oH, £3] ZEEK) o
o E Ao|A 7 e 3HEK(1,528.50~1,817.61 mg%)
= Y=, 5859 Aol L2A TREof AU 3
= (1,528.50 mg%)E A Qs Fou|gk Ao]E HolA| ¢
of ggo] AR 2hrEol AT ZEEK) T
g 639 TR o T 7P wol st =
911 AR 5%o] 1,528.50~1,817.61 mg% TS UHE
o] gofl Ak IREAQI Ao vlot =2 ZF

© gy O
ol 32 Ar A
Mo rr O 1x

Table 3. The contents of nutritional components in wild vegetables (young leaf bud, dry basis) in spring (Unit: %)
Scientific name Moisture Crude protein Crude lipid Carbohydrate Crude ash
A. elata 5.68+0.08"" 36.93+0.38" 2.49+0.90" 45.85+1.20° 9.04+0.02°
K. pictus 2.81+0.09° 37.75+0.12° 4.57+0.21° 46.77+0.21° 8.10£0.01¢
A. cortex 1.99+0.07° 45.60+0.10° 3.6140.25° 40.34+0.27° 8.46+0.04°
C. sinensis 8.20+0.13° 37.700.05¢ 2.82+0.02¢ 42.61+0.18" 7.67+0.02°
R. venicifera 4.23+0.07° 39.1240.59° 6.55+0.04° 40.42+0.70° 9.68+0.02°
D" All values represent meantS.D.
*“Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
Table 4. The contents of minerals in wild vegetables (young leaf bud, dry basis) in spring (mg%)
Scientific name Ca Fe K Mg Na P
A. elata 341.58+2.81°Y 5.42+0.03° 1,817.61461.13*  246.66+1.39° 4.85+1.36° 804.9+12.05°
K. pictus 282.26+14.88° 8.42+0.40° 1,777.03+47.15*  180.28+7.01¢ 5.93+1.26° 648.14+19.04¢
A. cortex 312.08+1.044 10.65+0.04° 1,796.60£26.23"  190.96+2.34° 4.82+1.24° 881.70+7.86°
C. sinensis 399.5346.13 8.34+0.09° 1,528.50+£7.91° 179.64+2.38¢ 6.02+0.71° 623.506.20°
R. venicifera 647.39+5.65" 10.86+0.06" 1,775.56+63.35°  272.55+1.36° 9.060.93" 782.64+5.50°

D All values represent meantS.D.

“*Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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Yetfilon, 55 &3 o7t &, dUE &, £ <ol 3%
H Z4F T2 794 Aol7t glo] vlFow, v X
2= £(1,528.50 mg%) F7F e F :
1Yl (Mg) S 2 ollA 27255 mg%= 7MY w2 &
T2 TRk o, ThEo R Fi {5(246.66 mg%)°]
Qom ¥y = &2 179.64 mg%E 7P WS ulIy|4%
FFE et o] 4Bl whebA vl 1vle fhegol ZHt {9
njgt zZolE Eoh AR 559 YEENa) 2 4.82
mg%-9.06 mg%& =7} EZA)EAEE(RDA 2017)9] E97}
(60 mg%), £ (39 mgh), H A FH(282 mg%), X
IZAQ25 mg%) S ¥ P& o, B2 FFE BFSHAL
U= & 5 AL, I F 2 £(9.06 mgw)°] 7Y H2
UEES TFota lolon UmA| 459 Aol YEE
o] vt A YEH AT JAP)Y T2 A 5%
of| Al 623.50 mg%~804.90 mg% S JEIQ=Y] o= =
TFRFAEAERERDA 2017)0] £EEO Q= BAVHEF
(430 mg%), 2 E1H(519 mg%), AZ TAFE](246 mg%), K2

B BT(783 mg%), AR 153U (447 mg%), =A7HFE(279
mg%) S v wokS EH & A 5Eolle e B2 S
RO ASS & = A oH, wEbA] A 552 EH Y
AP)9 FHULE 2 ﬂ%ﬂi &89 F AR &
oE

=y

3) HIEIR! C I At &2t

ol AFT AR 550 thsto] 4Bl TR HlEl
C(ascorbic acid) 2 FAk(total folate)2] $FEF-2 Table 52} % ]'Tjr
BlE] C FFE A FRO) weiA] Folrt wol ekt
o] 2 &=ofl 740.77 mg%E 7HY W2 HIEH CE skl
AR 2 FF £202 641.96 mg%s TRt YA
W, 7} A4 8ol = F5 £oAE 119.10 mg%l]
MERE O3 THOT UL ol FABTHEARE

Table 5. The contents of vitamin C and folate in wild
vegetables (young leaf bud, dry basis) in spring

(RDA 2017)9] AAE A=

= JLAFE|(5.56 mg%), HEA%
(47.00 mg%), A= A15:91(13.89 m

mg%), % E(0.00 mg%) &

9 & HEFot viags o w2 HIE C& Fkal 9l
B3 2 vE C 3E9er €849 & vty wdEn
A sEel ot A4k RS 24 2 & &AM
190391 ng% 7H =& ¢ 1o RE Qo

ok
[0)
o
o T
o,
=
32

1

ol

7h] &0 & 1,525.35 1g%2]
2 TS U= A= F

Hepfglow, 7P W
2 45054 ng%S K

mlm g
JCH
o

O} o]t T3t I/ HEAEAET(RDA 2017)9] AR 1AL
(398 1g%), AR 12189 1g%), 2 ETH(740 1g%) 5 &

o o9 w2 FA
- Gak A HAR
Z=8.4 v|gyl

q9gE 5 &
gote] 4
=

3
o

A7 Rl ek ol
% UL USe B

oA HIE7E ALtz 2aA
O = DNA /37t opu] Al Aol %
5] Atm o] FAb LA A4 &
&AL0 g 95t 7| §ol EAto] Z719
(Gropper & 2005). webA EZHo| AF
Roli= QA thpel Babe Tt
24 £2 ABURUL ¥ 5 U2
1 &2 23 JA HFH e 9T
(Table 5).
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6) 0.52~1.27% Ato]9] g Uedal 35 &3 £50]
2V} 1.27%, 1.23%2 7V =9tom, 971 £(0.75%), YLt
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Table 6. The contents of total phenol and total flavonoid
in wild vegetables (young leaf bud, dry basis) in spring

Scientific name Ascorbic acid (mg%) Folate (ug)

Scientific name Total phenol (%) Total flavonoid (%)

A. elata 119.10£0.51°V 450.54+2.63¢
K. pictus 340.21+1.73° 1,027.35+29.68°
A. cortex 300.17+5.60 1,525.35£51.96°
C sinensis 641.96:4.97° 1,042.19+15.31°
R venicifera 740.77+6.65° 1,903.91+51.80°

A. elata 0.52+0.02°Y 1.88+0.04°
K. pictus 0.67+0.07° 2.36+0.05°
A. cortex 0.7520.05° 2.43+0.03
C. sinensis 1.27+0.05% 2.59+0.08%
R. venicifera 1.23+0.04* 2.51+0.04*

D All values represent mean£S.D.
*Means with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

D All vealues represent mean+S.D.
*dMeans with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.
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(Manach 5 2004). AH)] 5%9] &} - 0| =(flavonoid) =
2 1.88~2.59% AFo]9] g e QITH(Table 6). ZeHE 1=
ojlEx &= dvkE Y stutm Akt 28R ofy
o Ot B84 7S 7 AS e EEAE =S
3 2 &ollA] ZZF 2.59%, 2.51%2 7HY =A 95k 9
AT Q7H] $2(2.43%), AUF 2(2.36%), TF 2(1.88%)2
2 EdHrolE JES Fskal Uit

1) DPPH 2ICIZ AHS

ol AFGE AR 5Fof gt FAtst E4J(DPPH 2tz
AAS)S A5 AT Fig. 137} 2} B A o] &0
FARE}E A2 E oA 55.93%E FoH o' THY
=2 RS Ul Y, 55 <3 dUF o] 24 44.6%,
42.56%5 JEH AL, 271 & 35.28%F o 7Pt w2
oFgE Bl A= 22.26% /42 YEH £ 0= YR
o &R AFEE BHT(0.05%)= 92.3%2] AL SA4S
YER A EH(Cha 5 2009). Im 5-(2013)0] WE2W AT &,
5 & 7H 29 80% 1%—% F229 tisto] F4tst
S HBPEZ 1 F=F &9 BF 1Cxo 7ol 7HF RA Y
Bt gHAksE 4ol 7HE =9t=dl ol & Aol Axket
Aotz A BRI, AUF & 71 9] ICy F
H|E 508 HIEQ = 2 doAs duF &2
T4 27 o 7te sHT folH o g =4 e thh
2ol& H3IthFig. 1).

e}
lo r&"

]

2) ACE AslgtA
2ol T A 5Bl e ACE ASlBEE 24 2

a
b ‘
I :

A. elata K. pictus A. cortex

60

30 F

aw |

a0

20

0

DPPH radical scavenging activity(%)

C. sinensis R, venicifera

Fig. 1. DPPH radical scavenging activity of wild vege-
tables (young leaf bud, dry basis) in spring. Means with
different superscripts (**) in the same column are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 2. ACE inhibition activity of wild vegetables (young
leaf bud, dry basis) in spring. Means with different superscripts
(*°) in the same column are significantly different at p<0.05
by Duncan’s multiple range test.
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